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Abstract 
The construction industry has an obligation to respond to sustainability 
expectations of our society. Solutions that integrate innovative, intelligent and 
sustainability deliverables are vital for us to meet new and emerging challenges. 
Industrialised Building Systems (IBS), or known otherwise as prefabrication, 
employs a combination of ready-made components in the construction of buildings. 
They promote quality of production, enhance simplification of construction 
processes and minimise waste. The unique characteristics of this construction method 
respond well to sustainability. Despite the promises however, IBS has yet to be 
effectively implemented in Malaysia. There are often misconceptions among key 
stakeholders about IBS applications. The existing rating schemes fail to assess IBS 
against sustainability measures.  
To ensure the capture of full sustainability potential in buildings developed, the 
critical factors and action plans agreeable to all participants in the development 
processes need to be identified. Through questionnaire survey, eighteen critical 
factors relevant to IBS sustainability were identified and encapsulated into a 
conceptual framework to coordinate a systematic IBS decision making approach. 
Five categories were used to separate the critical factors into: ecological 
performance; economic value; social equity and culture; technical quality; and 
implementation and enforcement. This categorisation extends the “Triple Bottom 
Lines” to include social, economic, environmental and institutional dimensions. 
Semi-structured interviews help identify strategies of actions and solutions of 
potential problems through a SWOT analysis framework. These tools help the 
decision-makers maximise the opportunities by using available strengths, avoid 
weaknesses, and diagnose possible threats in the examined issues. The 
recommendations formed an integrated action plan to present information on what 
and how to improve sustainability through tackling each critical factor during IBS 
development. It can be used as part of the project briefing documents for IBS 
designers. For validation and finalisation the research deliverables, three case studies 
were conducted. The research fills a current gap by responding to IBS project 
scenarios in developing countries. It also provides a balanced view for designers to 
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better understand sustainability potential and prioritize attentions to manage 
sustainability issues in IBS applications.  
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Chapter 1: Introduction 
1.1 INTRODUCTION 
This chapter outlines the discussion on the research background and statement 
of the research problems. The discussions formulate the research questions and 
research objectives before the significance and contribution of the research is 
discussed in section 1.4. In order to achieve the research aims, the methodology 
considered is also discussed. The scope and the limitations of the research are 
clarified in this chapter. The final section provides an outline of the thesis as well as 
the summary of the study. 
1.2 RESEARCH BACKGROUND 
Sustainable construction is recognized as a priority by all industry players 
around the world. Kibert (2008) highlighted seven principles of sustainable 
construction: 1) reduce consumption of resources (reduce), 2) reuse resources 
(reuse), 3) use recyclable resources (recycle), 4) protect nature (nature), 5) eliminate 
toxics (toxics), 6) apply life cycle costing (economics), and 7) focus on quality 
(quality). These principles are provided as a benchmark in driving and creating a 
better world for future generations. 
For building construction, conventional on site methods have long been 
criticized for their high risk to human health and safety, they are labour intensive and 
cause significant damage to the environment (Jaillon & Poon, 2008). As a 
developing country, Malaysia is also facing these problems together with a shortage 
of construction labour as the main issue. Statistics show that 69% of the 800,000 
registered workers are foreign (CIDB 2008). Majorities of these foreign workers are 
unskilled and normally involved in the activities that require labour intensive. The 
dependency on unskilled foreign workers promotes economic and social problems 
(Abdul Kadir et al., 2006). 
A solution to overcome these problems is to transform the construction 
industry into the new state of art – Industrialised Building System (IBS). IBS could 
reduce the number of workers involved, speed construction activity, increase the 
quality of buildings, reduce cost and promote more sustainable buildings (Blismas et 
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al., 2005; Kamar et al., 2009; Luo et al., 2008; Nawi et al., 2007; Pasquire & Gibb, 
2002). As such, the Malaysian Government has laid out a comprehensive national 
IBS Road Map for the construction industry players to adopt in the industrialisation 
programme of the construction industry (CIDB 2003). 
Currently, the IBS Score System, which was developed by the Construction 
Industry Development Board (CIDB), is used to measure the usage of IBS. This tool 
measures the percentage of IBS usage in a consistent way with a systematic and 
structured assessment system (CIDB 2005). In Malaysia, the current assumption is 
that higher IBS scores mean more ‘sustainable construction’. In a way, the higher 
score reflects the reduction of site labour, lower wastage, less site material used, 
cleaner environment, better quality, neater and safer construction sites, faster project 
completion as well as lower total construction cost (CIDB 2005). However, it could 
be argued that the higher score may not explicitly represent the sustainability 
attributes but the percentage of IBS characteristics used in the construction, such as 
the use of prefabricated and precast components, repeatability and design using the 
modular coordination concept.  
To date, most decision making tools and assessment of IBS have been devoted 
to cost issues (Song et al., 2005). Blismas et al. (2006) stated that most of the 
assessment tools for IBS simply take material, labour and transportation costs into 
account when comparing various construction methods. They often disregard other 
inherent costs and softer issues, such as life cycle cost, health and safety and effect 
on energy consumption. The sustainable attributes in the IBS implementation need to 
be identified and holistically presented to the stakeholders. The perceived high cost 
of IBS solutions may discourage the stakeholders. However, this perception can be 
changed by realizing a great potential in sustainable performance (Blismas, et al., 
2006).  
In addition, sustainable construction has different approaches as well as 
priorities in different countries (Bourdeau, 1999). A huge difference can be seen 
when a comparison is made between developed and developing countries. According 
to Gomes and da Silva (2005), it is important that the local and regional 
characteristics in the physical environment are taken into account when measuring 
the level of sustainability. A systematic description of situational preconditions and 
restrictions based on local conditions would be an important instrument in the 
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adaptation of building processes to the physical surroundings and social 
environments. The problems of poverty and rural development or social equity are 
sometimes ignored in the consideration of sustainability.  
In line with the development of IBS and sustainable construction, this research 
attempts to examine the elements that emphasize sustainability from the perception 
of each stakeholder involved in the IBS implementation which can be used by the 
designer in the design phase. Shen et al. (2007) highlighted that decision makers 
should determine sustainable performance criteria across the project life cycle 
starting from the design stage. Therefore, all components from the stakeholders are 
required to be included in design decisions. The future development of guidelines 
aims to help designers identify and manage economic, environmental and social risks 
in an integrated way, and unlock opportunities to improve competitiveness and 
sustainability. 
1.3 STATEMENT OF RESEARCH PROBLEM 
IBS can be seen as an alternative option to maintain sustainability in 
construction. It can generate more controlled human resources and cost, shorten the 
construction period and increase the quality of buildings. Simultaneously, it can also 
enhance occupational health and safety (Blismas et al., 2005; Luo et al., 2008). In 
addition, the most advantageous solutions to reduce construction waste are based on 
IBS (Jaillon et al., 2009; Baldwin et al., 2009). By examining these advantages, IBS 
can easily be considered as the most appropriate way to serve sustainable building 
projects.  
The importance of sustainability issues has increased among the global 
community and it is necessary for all parties involved – local authorities, contractors, 
governments, consultants and architects – to respond quickly to these changes and 
constraints (Yang et al., 2005). Several studies have been carried out regarding the 
sustainability of construction and building, and from these studies the importance of 
sustainability has been highlighted (Cohen, 2006; Ding, 2008; San-José et al., 2007; 
Vanegas, 2003).  
Inappropriate selection of the IBS used will affect the performance of the 
buildings. Without a well defined decision making tool the potential for IBS will not 
be optimised (Luo, et al., 2008). The value of IBS is also limited since their 
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performance is not fully utilised. The value should include not only financial but also 
social and environmental benefits (Pasquire et al., 2004). This is supported by other 
researchers who argued that less attention is given to soft issues (e.g., health and 
safety, waste management, occupant comfort) and the efforts to integrate these issues 
in decision making are still at an early stage (Adler, 1998; Egemen & Mohamed, 
2006).   
In addition, Bjornfot and Sarden (2006) highlight the lack of methods and tools 
in defining value in the construction.  Sustainability needs to be considered as the 
main concern when developing guidelines for decision making support. Each 
sustainable performance criterion must be recognized and exploited to unlock the 
hidden opportunities of IBS.  
Furthermore, the lack of knowledge concerning IBS, abundance of cheap 
unskilled workers and large initial capital outlay are among the barriers to the 
implementation of IBS (Blismas, et al., 2006; Blismas & Wakefield, 2009; Chiang et 
al., 2006; Haron et al., 2009; Kamar, et al., 2009). All these reasons influence 
builders to select a conventional method instead of changing to IBS. In addition, 
stakeholders have a negative perception of IBS (Hussein, 2009). According to Pearce 
and Vanegas (2002), there is a lack of understanding concerning how to 
comprehensively and uniformly define the concept of sustainability, and the crucial 
aspects of the built environment should be considered in evaluating the sustainability 
of a built facility.  
Consequently, a recommendation derived from the workshop, which was held 
on 29th July 2009 in Kuala Lumpur, highlighted the importance of linking IBS with 
sustainability issues (Hamid et al., 2009). The development of guidelines for 
sustainable IBS construction are required to facilitate decision making in terms of 
placing sustainability as the main issue, especially during the pre-construction stage. 
With the Construction Research Institute of Malaysia (CREAM) collaboration, this 
research was initiated to achieve this objective by formulates the solutions for all 
research problems identified. 
In brief, the main problem addressed in this research is the lack of an effective 
framework to help designers identify and manage economic, environmental and 
social risks in an integrated way. Each performance criterion should be considered 
based on the key stakeholder requirements. This decision support guideline will 
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assist designers in determining the benefits and limitations of IBS, and make the best 
use of this system in leading to more sustainable construction. 
In order to achieve the research aim described in the previous section, three 
research questions are raised to help the researcher to break down the big research 
aim into achievable objectives. This research focuses on the following research 
questions: 
Question 1: What are the perspectives of various stakeholders towards achieving 
sustainability in IBS construction? 
Selection of appropriate strategies and tools in making decision are depends 
largely on the selected criteria and consideration from the key stakeholder with 
regards to sustainability. A good understanding of the existing body of sustainability 
in IBS implementation is critical to this research. As limited existing research 
investigated sustainability in IBS implementation, especially for developing 
countries, identifying and investigating the various decision tools, sustainability 
criteria and potential factors constitute a valid platform for this research. 
Question 2: What are the elements that are emphasized by the key stakeholders to 
assess the level of sustainability for IBS construction? 
According to intensive literature study, various factors and assessment tools 
have been identified which have the potential to improve sustainability for IBS 
implementation. However, different strategies and approaches have different focuses. 
Some of them focus on the technical issues, while others focus on the economic and 
environmental which failed to provide holistic decision making tools considering all 
sustainability pillars including, economic, environment, social and institutional. The 
benefits of IBS construction in improving sustainability was not explained and 
presented thoroughly to the industry players. The identification of the critical 
sustainability factors in IBS, able to provide a fundamental measure in assessing the 
sustainability potential. Each factor identified has their own unique characteristics 
and issues of the existing decision tools may affect the decision making and hindered 
the effectiveness of this type of construction. Isolation from design and construction 
need to be overcome by integrating sustainability consideration from each 
stakeholder starting in the early stage. Therefore, a common understanding on key 
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IBS capabilities and engagement points for collaboration among key stakeholders 
need to be established.  
Question 3: How will the designers evaluate the sustainability issues and select 
criteria that could optimize the value of IBS in the decision making process? 
The proposed conceptual model by this research should be able to facilitate the 
process in IBS implementation by integrating critical sustainability consideration 
among stakeholders. The model provided a basis for investigating how and what 
need to be done to improve sustainability and consequently, provide guidelines to be 
used by the designer. The designer as the party which made the front end decisions, 
experiencing a lack of assessment tools in assisting them to evaluate sustainability 
potential and related issues. The guidelines were formulated based on the industry 
input and participants’ knowledge. The integrated guidelines which formulated from 
the unified views of every key stakeholder will provide commonly agreed 
approaches for IBS implementation. Although previous tools and assessment 
approaches have provided a benchmark to evaluate sustainability for IBS 
implementation, their suitability and effectiveness to be applied in the developing 
countries are still uncertain. Thus, investigations of these sustainability potentials, 
strategies, and action plans are principal concerns of this research. 
1.4 RESEARCH AIM AND OBJECTIVES 
The aim of this research is to formulate sustainable guidelines from the 
perspective of the designer by critically examining the relationship between 
sustainability and Industrialised Building Systems (IBS). As a result, the likelihood 
of sustainable construction is achieved by integrating sustainability considerations in 
the early stages without neglecting the project objectives. These guidelines directly 
assist the designer in providing clients with appropriate information before they 
make a decision. 
To fulfil the aim of the research and answer the research questions above, the 
following research objectives are imperative: 
Objective 1: Determine the current implementation status related to sustainable 
IBS construction. 
• Understanding global initiatives on sustainable IBS development; 
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• Understanding the context of IBS development in Malaysia; 
• Reviewing the current decision tools and performance attributes on IBS 
implementation globally, and; 
• Identifying the sustainability factors for IBS implementation. 
Objective 2: Identify the sustainability elements in IBS, which are of primary 
concern to key stakeholders in making decisions in respect of IBS construction. 
• Exploring the different perceptions and expectations of various stakeholders 
regardless of the current practice of sustainability integration in IBS 
implementation; 
• Identifying the critical factors that are significant in improving sustainability 
efforts for IBS implementation; 
• Integrating the expectations of the various stakeholders that are able to 
enhance the sustainability potential in IBS implementation by establishing a 
common understanding; 
Objective 3: Develop decision support guidelines to enable the designer to enhance 
the sustainable deliverables in IBS construction. 
• Compiling the industry verified sustainability factors into the conceptual 
models for further development; 
• Identifying the action plans and available strategies to improve sustainability 
for each critical factor identified, as well as; 
• Developing guidelines for decision-making with regards to sustainability in 
IBS implementation.  
1.5 SIGNIFICANCE OF THE RESEARCH 
The construction industry is a major user of energy and natural resources, and 
also the main contributor to social and economic development. The implementation 
of IBS has been identified as a solution to promote sustainable construction. This is 
possible by identifying the potential sustainable performance indicators starting from 
the early stage. Jaillon et al. (2009) highlighted that IBS reduces construction 
wastage by about 52%. In addition, IBS increases the productivity and guarantees the 
high quality of the construction work (Bjornfot & Sarden, 2006). However, the 
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current implementation lacks concrete measures regarding the crucial issues in the 
sustainability of IBS. There is also a lack of common understanding among the 
multiple stakeholders concerning what constitutes sustainability in IBS 
implementation. As a result, sustainability deliverables at the project level are often 
neglected and only focus on certain aspects, such as economic or environmental.  
The study will identify and integrate the different understandings and main 
concerns of the stakeholders before leading to the critical issues that impact on the 
gap between sustainable development and IBS implementation. The potential of IBS 
in promoting sustainability is investigated throughout the project life cycle. The 
consensus from the different perspectives of stakeholders will be gained from both 
qualitative and quantitative methods.  
Guidelines for decision making in sustainable IBS construction are the 
outcomes of the research. The guidelines will serve as a decision making tool to 
promote systematic approaches in IBS.  The integration of the restrictions and 
situational preconditions based on local conditions are considered. All aspects 
concerning sustainability: 1) economic, 2) environmental, 3) social, and 4) 
institutional, are taken into account to ensure the achievement of sustainability. The 
guidelines specifically present a useful source of information to the stakeholders 
engaged in sustainability in planning and design at the early stages of IBS 
applications.  
This research will add to the body of knowledge pertaining to sustainable 
development in building construction, particularly the identification of the crucial 
attributes in IBS. The results will directly increase the stakeholders’ awareness and 
knowledge, which will convince them of the importance of sustainability 
development in their decision making. 
This research will provide an iterative guiding framework for IBS projects in 
Malaysia and may also be useful for other developing countries, such as Thailand, 
Singapore and Indonesia. The guidelines will promote sustainable development, in 
general, and reduce the negative economic, social and environmental impact. 
Finally, yet importantly, this research will provide opportunities to other 
researchers to establish the groundwork for future research to develop an integrated 
IBS with consideration of sustainable development.  
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1.6 OVERVIEW OF RESEARCH METHODOLOGY 
According to Fellows and Liu (2008), the researcher has to decide on the 
methodological approach to find solutions to the research problem or research 
questions addressed. A study should have a detailed research design, which can be 
used as a framework in data collection and observation.  Yin (2003a) stated that to 
gain adequate evidence for both qualitative and quantitative research, explanatory 
theories would facilitate theory testing with a rich and extensive data collection 
effort. 
Research design provides the logical link between each topic in the research. 
According to Trochim (2008), the research design is used to structure the research, 
display the functions of major parts of the research project and explain the 
contribution of each part in addressing the central research questions. Yin (2003b) 
added that there are three conditions that should be considered in determining the 
type of strategy used in the research.  The conditions are: 
• the type of research question posed; 
• the extent of control an investigator has over actual behavioural events; 
and 
• the degree of focus on contemporary as opposed to historical events.  
The type of research used in this research is explanatory. According to Fellows 
and Liu (2008), explanatory research investigates a specific issue or phenomenon or 
answers certain questions. In this research, the critical sustainable factors for IBS 
application were determined to answer research question 1 and research question 2. 
Consequently, these factors were investigated in depth to develop decision making 
tools.  
The questionnaire is the major technique used in surveys, which are used to 
provide sufficient data and information from a large number of respondents within a 
limited time frame (Naoum, 2008). After the questionnaire is developed, a pre-test is 
conducted to ensure the clarity, comprehensiveness and acceptability of the 
questionnaire. Rea and Parker (2005) defined a pre-test as a small-scale 
implementation of the draft questionnaire that assesses the critical factors listed.  
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Then, the questionnaire will be conducted before critical sustainable IBS 
construction attributes are determined. The semi-structured interviews were used to 
explore in-depth on how the critical factors able to improve sustainability 
significantly. Negatives and positives context in each factor was investigated to 
formulate efficient strategies in responding to sustainability objectives. The decision 
support guidelines were formulated from the SWOT (Strengths, Weaknesses, 
Opportunities and Threats) analysis. The developed guidelines were further 
improved by the use of an applied case study to verify and validate the applicability 
in the real world. The case study will employ documentation review and interview 
techniques aiming at in-depth assessment and discussion of the proposed guidelines. 
This is important to obtain data for the refinement of the guidelines.      
In summary, the design of the proposed research will include a literature 
review, survey, semi-structured interview, case study and data analysis techniques. 
With both quantitative and qualitative methods, the results covering perceptions of 
key stakeholders in a sustainable IBS shall underpin the basis for establishing the 
decision making process models for enhancing the feature of this innovative system.  
Ultimately, as the final outcome of the research, it is expected that the guidelines will 
help promote more integrated approaches to decision making about the 
implementation of sustainability strategies in the designing stage.  
1.7 SCOPE AND LIMITATIONS OF THE RESEARCH 
The scope of this research will be limited to the construction industry sector, 
which involves the IBS as the main components in their projects. The phases 
involved in this research cover from the design stage to the demolition stage. 
However, the guidelines will assist the designer in decision making. With 
information from the key stakeholders, this research will identify the most crucial 
attributes when determining sustainability for IBS for the structural system. 
The key stakeholders involved in this study are: clients, contractors including 
main contractors and sub-contractors, consultants, manufacturers and local 
authorities. A mix of respondents with different backgrounds is important to 
minimise the possibility of bias (Ng et al., 2005). Even though this set of guidelines 
is being developed for designers, other key stakeholders’ inputs are important to 
ensure the success of the construction project.   
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1.8 OUTLINE OF THE THESIS 
This thesis consists of seven chapters. A brief summary of each chapter is 
provided as follows. 
Chapter 1: Comprises the introductory section, which develops the direction of 
the research. The identification of the crucial issues leads to the formulation of the 
research problems and objectives. It also provides an introduction to the research 
methodology and draws a boundary for the limitations of the research scope.  
Chapter 2: Explains the current state of knowledge by reviewing the existing 
literature. The areas covered include: an overview of Industrialised Building Systems 
(IBS); the need for sustainable IBS; current implementation of IBS; and the 
development of a decision support system. From the synthesis of this information the 
research gaps are identified.  
Chapter 3: Discusses the research methodology adopted for this research. 
Initially, the philosophy of research is explained before the research design is 
discussed. The data collection consists of quantitative and qualitative. The tools used 
are the questionnaire and semi-structured interviews.  
Chapter 4: Describes the analysis of the data and results of the questionnaire. 
The questionnaire design, instrumentation and survey response rate and validity are 
discussed. The perspective from each different stakeholder is presented. The main 
finding is discussed and the conceptual model is introduced. Each stage of IBS 
implementation is presented to provide a link to the conceptual model. 
Chapter 5: Describes the analysis of the data and the results of the interviews. 
The selection of participants and their background are briefly discussed together with 
the instruments, format and structure. Data is presented and the results tabulated. The 
interpretation of the results is also discussed.   
Chapter 6: Describes the analysis of the data and results of the case study. The 
purposes and case study data collection are presented together with the data 
collection types such as interviews, archival records and documents and observation. 
The verification and validation process on the developed decision-making guidelines 
are also discussed.  
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Chapter 7: Discusses the results and outcomes from the data collection, 
namely, questionnaire and semi-structured interviews. Accordingly, the research 
findings are presented.  
Chapter 8: Reviews the research questions and development processes. Each 
research question and problem is discussed according to the findings and 
achievement from this research. The conclusions wrap up the findings and the 
research contributions are explained explicitly. The limitations of the research and 
recommendations for future research are also provided as guidance.  
1.9 SUMMARY 
This chapter provided the research background and detailed the problems 
occurring in IBS. The connection between sustainability and IBS is highlighted in 
order to explore the potential of this innovative system. The objectives of this study 
are clearly stated based on the research questions. Next, the research outcomes and 
significance are identified. The research methodology is explained to ensure the 
objectives could be achieved. Subsequently, the research scope and its limitations are 
identified to ensure this study focuses on the problems to be addressed. The next 
chapter will focus on the literature review. 
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Chapter 2: Literature Review 
2.1 INTRODUCTION 
This chapter provides an overview of IBS and sustainability to impart a basic 
understanding of the considerations for sustainability to be integrated into this type 
of construction. The development of IBS is discussed in order to explore its current 
implementation in Malaysia. The future of Malaysia’s building construction will see 
greater deployment of IBS as it is heavily encouraged by the Construction Industry 
Development Board (CIDB) through the launch of its roadmap. The need for 
sustainability in IBS is discussed to show the relationship between these two 
components while also considering the contribution from the key stakeholders. The 
existing decision support system is analysed and the opportunities to integrate better 
guidelines for decision making in sustainable IBS construction are explored. Based 
on an extensive literature review conducted on IBS and sustainability, an absence of 
studies integrating these two components in decision making was identified. The 
research gaps are also identified in this chapter.  The potential sustainability factors 
identified in this chapter provide a basis to explore the possibility to improve 
sustainable deliverables for IBS construction.  
2.2 OVERVIEW OF INDUSTRIALISED BUILDING SYSTEM 
This chapter outlines the development of IBS in Malaysia, the structural 
classification, fabrication and manufacture of IBS components, IBS Roadmap, and, 
finally, modular coordination, which is used to standardise the size of IBS 
components.  
2.2.1 IBS Development in Malaysia 
The application of IBS started in the early 1960s, when a pilot project was 
launched to construct an affordable, quality and fast track housing project. Since 
then, the use of IBS has been expanding, not only for housing but also for public 
buildings. As a result, more reputable manufacturers in IBS products have become 
involved not only for the local but also for the international market (Hamid et al., 
2007). 
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While construction projects are becoming more complex, most of the 
stakeholders resist changing from the conventional method. As a result, the average 
productivity at the industry level is not improving (Kim et al., 2009). IBS is seen as 
the best alternative for increasing the level of productivity without compromising 
quality, time, cost or the environment. IBS is replacing the conventional method, 
which is ‘fragmented’, ‘unsophisticated’, ‘laggardly’, ‘uncoordinated’, ‘craft 
dominated’ procedures and hardware (also terms used) to totally coordinate and 
integrate the systems for building (Kendall, 1987).  
Although IBS implementation is expanding in many countries, there are a 
variety of ways to define IBS. According to Abdullah et al. (2009), IBS is seen as 
holistic from different perspectives as a system, a process, approach or industrial 
philosophy. In different parts of the world, IBS is also known as Off-site 
Construction (OSC), Modern Method of Construction (MMC), Off-site 
Manufacturing (OSM), Off-site Production (OSP), Industrialised Building, pre-
assembly, prefabrication and modularization (Abdullah, et al., 2009). In Malaysia, 
IBS represents the prefabrication and industrialised construction concept where it is 
proposed to move away from the typical paradigm of prefabricated systems towards 
the application of modern construction concepts using the principles of 
manufacturing (Kamar et al., 2011). 
Warszawski (1999) defined IBS as a special group of systems that combine 
intensive utilisation of various precast elements with highly rationalised framing 
construction methods. In a larger scope, the implementation of IBS may also include 
various procedures – technological and managerial. The impact of information 
technologies on the design, production and assembling on site of prefabricated 
elements must be considered in IBS implementation. Therefore, IBS is a system that 
contains interconnecting elements and is advanced in its usage of information 
technology. 
Hamid et al. (2008) explained that prefabrication is the main characteristic of 
IBS. The other characteristics of IBS are offsite production and mass production. 
Sarja (1998) defined prefabrication as building components produced in factories. 
The components are either manufactured fully (full fabrication) or partly (composite 
construction) and then assembled on site.  
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According to Badir et al. (2002), IBS uses the concept of mass production for a 
quality building. High-level quality control is required in order to make sure the 
implementation of IBS is successful. This system means to build on site with 
elements or components produced by a series of plants. The process of each 
component production is planned and monitored to ensure the production and 
quality. 
A similar definition is given by Rahman and Omar (2006) who stated that IBS 
is a construction system in which the building is assembled by pre-fabricated 
components. Machines, formwork and other forms of mechanical equipment are 
systematically manufactured. All of the components will be delivered to the project 
location after they have been produced and completed in the factory.   
The sum of elements and how they are combined is determined in the design of 
the building system. The building elements and how they fit together must be 
systematically coordinated during the design phase. Various types of standardisation 
and dimensional coordination must be considered in the initial phase to ensure the 
simplification for installation and maintenance. This is illustrated in Figure 2-1 (Staib 
et al., 2008). 
 
Figure 2-1: Characteristics of a building system (Staib, et al., 2008) 
Building System 
Closed Open 
Means for the design 
Specialty General 
Elements from a single 
manufacturer 
Elements from various 
manufacturers 
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The main difference between an open and closed system is the possibility of 
using products from different manufacturers. A closed system is fabricated by a 
single manufacturer and does not allow builders to take components from other 
manufacturers to fit into their product.  In some cases, a closed system is used in 
producing a unique product. In contrast, an open system will give freedom to the 
builder in selecting components from different manufacturers (Kendall, 1987; Staib, 
et al., 2008). This will bring many advantages, such as getting spare parts or reducing 
costs.  
Thanoon et al. (2003) listed eleven essential characteristics of IBS: 1) closed 
system, 2) open system, 3) modular coordination, 4) standardization and tolerance, 5) 
mass production, 6) specialization, 7) good organization, 8) integration, 9) 
production facility, 10) transportation, and, finally, 11) equipment on site.  All these 
essential characteristics ensure that the implementation of IBS can be realized.   
The definition of IBS in Malaysia, according to the Construction Industry 
Development Board Malaysia (2003), is a construction process that utilises 
components or building systems that involve prefabricated components and on site 
installation. The components are manufactured in a controlled environment, then 
delivered and assembled to the building with minimal additional work. 
2.2.2 IBS Evaluation System 
In providing a well-structured assessment system to measure the IBS 
percentage used in construction, the CIDB (2005) provided a manual for the IBS 
content scoring system. This manual contains a formula, the IBS factor for each of 
the elements used in the building, methods of calculating the IBS Score, explanatory 
notes as well as sample calculations. The maximum IBS Score for a building is 100 
points. The distribution of the score is 50 points for a structural system, 30 points for 
a wall system and 20 points for other simplified construction solutions. The 
classifications are shown in Figure 2-2.  
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Figure 2-2:  Distribution for IBS scoring system 
The IBS Score stresses the following attributes: 
• The use of prefabricated and precast concrete components 
• Off-site production of components 
• The use of standardised components 
• Repeatability 
• Design using a Modular Coordination concept 
These attributes are promoted offsite and use reusable elements. Chen et al. 
(2010b) agreed that constructability, flexibility, recyclable contents, reusable 
elements and material consumption contribute to sustainability performance in 
construction.  
2.2.3 IBS Structural Classification 
According to the Construction Industry Development Board Malaysia (2003), 
IBS can be grouped into five categories based on the structural classification. The 
details of classification are shown in Figure 2-3. 
Industrialised Building System 
Structure System Wall System Other Simplified Construction Solutions 
• Concrete 
• Steel 
• Timber 
• Roof System 
• Precast Concrete 
Panel 
• Metal Cladding 
• Full Height Glass 
Panel 
• Dry Wall System 
• In-situ Concrete 
with Re-usable 
System Formwork 
• Utilisation of 
standardised 
components based 
on Malaysia 
Standard 1064 
• Repetition of 
structural layout 
• Other prefabricated 
components and 
labour saving 
solutions 
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Figure 2-3: IBS structural classification 
Precast concrete framing, panels and box systems require a restructuring of the 
entire conventional construction process to enable interaction between the design 
phase and production planning in order to improve and speed up the construction. 
This type of IBS is cast in factories, transported to the construction site and erected 
as rigid components. A variety of shapes are produced depending on their type of 
usage. The examples of the product in this type of IBS are precast column, precast 
beam, precast slab, permanent concrete formwork and three-dimensional 
components, such as balcony, stairs, toilet and lift core. Due to advanced new 
technology and materials, lighter components could be used. Weight reduction will 
result in cheaper transportation costs and installation as well as provide a slender and 
spacious construction (Kayali, 2008).   
The steel framing system is the most popular choice and is used extensively in 
fast track construction of high-rise buildings. Recent developments in this type of 
IBS include the increased usage of light steel trusses and steel portal frame systems. 
The overall floor depth in the steel framing system is reduced by integrating services 
more completely, including the use of a plate to fabricate profiled beams that are 
IBS Structural 
Classification 
Precast concrete 
framing, panels and 
box system 
Precast column 
Precast beam 
Precast slab 
3D components: 
balcony, stairs, 
toilet, lift core 
Permanent concrete 
formwork 
Steel framing 
system 
Steel beams and 
columns 
Portal frames 
Roof trusses 
Prefabricated timber 
framing system 
Prefabricated timber 
frames 
Roof trusses 
Steel formwork 
system 
Tunnel forms 
Beams and column 
moulding forms 
Permanent steel 
formwork  
(metal decks) 
Blockwork system 
Interlocking 
concrete masonry 
units (CMU) 
Lightweight 
concrete blocks 
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used in place of hot-rolled beams (Dowling, 1990). The components under this type 
of IBS are steel beams and columns, portal frames and roof trusses.  
The use of a prefabricated timber framing system is recognised as a rapidly 
constructed and economical form of construction (Bell, 1992). Among the products 
listed in this category are timber building frames and timber roof trusses. This type of 
IBS offers appealing design features, which require high aesthetical values. 
Traditional houses in Malaysia are mostly constructed using timber and wood.  The 
type of joint for a timber prefabricated framing system is very important to distribute 
the self and imposed load. 
The steel formwork system is considered as ‘low level’ or the ‘least 
prefabricated’ type of IBS because it generally involves site casting.  This system 
includes tunnel forms, beams and column moulding forms and permanent steel 
formwork (metal decks). The steel formwork system is not only suited for off-site 
fabrication but also on site construction. Steel formwork can be used repetitively and 
could minimise wastage in construction. The usage of plywood and timber are 
reduced when it is replaced by steel formwork. 
The tedious and time consuming traditional brick laying process can be greatly 
simplified by the blockwork system, in which interlocking concrete masonry units 
(CMU) and lightweight concrete blocks are the major components. According to 
Koch et al. (2005), the blockwork system could reach the highest possible level of 
sustainability by minimizing the use of fossil fuels, reducing dangerous gas 
emissions, optimizing indoor climate as well as full recycling. The thin-joint 
blockwork speeds up the construction time and eliminates mortar usage in the 
blockwork construction (Abdullah, et al., 2009).  
2.2.4 Industrialised Building System Roadmap  
The Malaysian government has taken initiatives to improve IBS construction 
by involving all the stakeholders. From a survey conducted by the Construction 
Industry Development Board (2003a), the usage level of IBS in the local construction 
industry stands at only 15%, which is very low. To compete globally, Malaysian 
builders must prepare themselves in terms of knowledge and new technologies.   
Currently, two roadmaps have been developed by the Government, the first of 
which is the IBS Roadmap 2003-2010. In a continuation of this effort, the 
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Government introduced IBS Roadmap 2011-2015. The roadmaps were endorsed by 
the Cabinet of Ministers to be the blueprint document for the industrialisation of the 
Malaysian construction sector. The main objective of this programme is to reduce 
reliability on unskilled foreign workers, which will directly improve quality, 
productivity, safety and compatibility in the construction industry (CIDB 2003). This 
blueprint provides guidance to stakeholders and encourages participants in 
construction to adopt IBS. Furthermore, the Malaysian Industrial Development 
Authority (MIDA) offers companies, which incur expenses due to the purchase of 
moulds to be used in the production of IBS components, eligibility for Accelerated 
Capital Allowances (ACA) for a period of three years (MIDA 2009).  
In October 2007, the Mid-Term Report for the IBS Roadmap was published. 
The report pointed out several important findings. One of the findings is the 
acceptance that this system is still not encouraging and that its implementation is 
driven by clients (Hamid, et al., 2008). Awareness of the benefits of IBS is still low 
and stakeholders do not have a clear picture of the elements that contribute to 
sustainability in IBS. Hussein (2009) identified that most consumers have a negative 
perception of IBS, and that it is assumed to involve higher costs and is more 
complicated. Rahman and Omar (2006) identified that misunderstanding from the 
decision makers is the reason why they do not want to implement IBS. Therefore, 
this study is necessary to develop a framework for IBS construction by providing a 
basic understanding on benefits of this system, especially in improving sustainability. 
Since the launch of the first IBS Roadmap, the Government construed that the 
activities identified in the roadmap were generally on track. Policy issues have been 
resolved and implemented, and most of the programmes have been achieved (CIDB 
2010). Therefore, the Government continued with IBS Roadmap 2011-2015 to focus 
on the private sector while sustaining the public sector momentum concerning the 
usage of IBS in their project. It is a structured document to ensure the aims of the 
Government to achieve a higher standard and greater application of IBS in the 
construction industry.  
2.2.5 Modular Coordination 
As discussed in the previous section, an open system will give freedom to the 
builder to buy components from different manufacturers. International Organisations 
for Standardisation (ISO) 1006:1983 have established the value of the basic module 
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for modular coordination to be used in building construction. However, the main 
factor limiting the use of this standard in the building industry is the lack of 
knowledge among stakeholders. This standard also demands precision dimensioning 
and proper planning. Therefore, the Technical Committee on Modular Coordination 
under the authority of the Building and Civil Engineering Standards Committee in 
Malaysia developed a standard that is more suitable and adaptable to the Malaysian 
construction industry – Malaysian Standard MS 10064: Part 1-10:2001. This 
standard facilitates unambiguous communication in the local building practice. 
However, it could be argue that this standard is still based on standards and concepts 
agreed upon within ISO 1006:1983 (Modular Working Group, 2000) and still in the 
early stage. It is important to notice that this system provides a dimensional basis –
coordination of dimensions, components and rationalisation of the building industry.  
The standard specifies the basic unit labelled as “1M”, which equals 100 mm, 
and the building and components are placed in their designations based on the basic 
unit module. This standard introduces a geometric discipline using practical 
approaches that include set-up coordination and the measurement of the components 
and spaces in the building design. The application of modular coordination is applied 
in the design, manufacture and assembly of buildings, the components and 
installation. This standardisation affects the position and dimensioning during 
construction. Moreover, it will assist stakeholders to use the common dimensional 
language and make decisions based on relative factors. Therefore, the application of 
modular coordination is to reduce on site modification and material wastage. 
Moreover, modular coordination allows the development of habitability, 
functionally, durability, security, better finishing and reduction of the construction 
period. These characteristics encourage repeatability and minimise the building costs 
(Azuma et al., 2007).  
2.3 THE NEED FOR SUSTAINABLE INDUSTRIALISED BUILDING 
SYSTEM (IBS) 
This chapter provides an extensive literature review regarding sustainability in 
general and the relationship between IBS and sustainability. The chapter also looks at 
Construction Industry Master Plan (CIMP) 2005-2015, and, finally, the key 
stakeholders involved in the implementation of sustainable IBS.  
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2.3.1 Sustainability in General 
Sustainable development is defined as “development that meets the needs of 
the present without compromising the ability of the future generation to meet their 
own needs” (Brundlant, 1987). This concept of sustainable development addresses 
the need to include new integrating approaches to the current physical development. 
Together with economic criteria, environmental, social and institutional aspects 
require more consideration and attention (Spangenberg, 2002a). Figure 2-4 shows the 
relationships between these aspects for effective compliance.  
 
Figure 2-4: The four dimensions of sustainability (Spangenberg, 2002a) 
 
Spangenberg (2002a) defined each of the related dimensions in which the 
environmental dimension is defined as the sum of all bio-geological processes and 
their elements. This dimension is referred to as environmental capital. The social 
dimension is defined as the human capital, which consists of their skills, dedication 
and experience. Next, the economic dimension is defined as the activities that 
provide services and increase the standard of living beyond the monetary income. 
Lastly, the institutional is known as the achievement of human interactions, such as 
the system of rules governing the interaction of members in the society.  
While the concept of sustainability has been a concern for many years, the 
integration of this concept in the construction industry is still in the early stages (Teo 
& Loosemore, 2003). According to their previous research, the construction industry 
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could play a major role in solving environmental problems such as resources 
depletion, endangered habitat and waste increment. Consequently, there is a need to 
introduce more sustainable construction practices and performance in pursuing 
development in sustainability, especially for developing countries (Yitmen, 2005).  
Sustainable construction is defined as “the creation and responsible 
maintenance of a healthy built environment, based on ecological principles, and by 
means of an efficient use of resources” (Kibert, 1994). The United Nations 
Conference on Environment and Development (UNCED) reaffirmed the Declaration 
of the United Nations Conference on the Human Environment in Rio de Janeiro from 
3 to 14 June 1992 by organizing the Rio Declaration on the Environment and 
Development. Agenda 21 was adopted as an action plan to pursue the principles of 
sustainable development to provide a better future. Agenda 21 defined sustainable 
construction as: 
“the principles of sustainable development are applied to the comprehensive 
construction cycle from the extraction and beneficiation of raw materials, through the 
planning, design and construction of buildings and infrastructure, until their final 
deconstruction and management of the resultant waste. It is holistic process aiming to 
restore and maintain harmony between the natural and built environment, while 
creating settlements that affirm human dignity and economic equity.” (International 
Council for Building Research and Innovation, 1999). 
In brief, the goal of sustainable construction is to create and operate a healthy 
built environment based on resource efficiency and ecological design. There are 
seven principles of sustainable construction (Kibert, 2008): 
• Minimize resource consumption (Conserve) 
• Maximize resource reuse (Reuse) 
• Use renewable or recyclable resources   (Renew/Recycle) 
• Protect the natural environment (Protect nature) 
• Create a healthy, non-toxic human environment (Non-Toxics) 
• Apply Life Cycle Cost Analysis (Economics) 
• Pursue Quality in creating the built environment (Quality) 
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Although these principles exist, it is difficult to achieve sustainability in 
construction because of the lack of research at the micro level.  The research of 
Ugwu and Haupt (2007) shows that most of the current initiatives focus on macro 
level perspectives and the setting of broad based sustainability goals. All levels of 
perspectives are required to identify the issues and problems and to understand the 
overall philosophy of sustainability and facilitate an integrated solution (Yang, et al., 
2005). Consequently, there is an urgent need for methods and techniques that would 
improve sustainable appraisal and decision making at the various project level 
interfaces (Ugwu & Haupt, 2007) even though the construction industry is taking 
some account of sustainability issues (Pitt et al., 2009).  
2.3.2 Industrialised Building System and Sustainability 
The Industrialised Building Systems (IBS) Roadmap 2003-2010, published by 
the Construction Industry Development (2003b), outlines several strategies to 
promote the use of IBS in Malaysia by engaging a more systematic approach and 
methodology in construction. Besides the aim to gradually reduce the dependency on 
foreign labour and save the country from losing foreign exchange, IBS provides the 
opportunity for the players in the construction industry to develop a new image for 
the construction industry (Rahman & Omar, 2006). 
Additionally, the Construction Industry Master Plan 2006-2015 illustrates the 
full commitment of the Malaysian Government to implement IBS to speed up 
construction works and reduce the number of foreign workers in the construction 
industry. The Government has put forward regulatory requirements and incentives in 
order to reduce the dependency on foreign labour and promote IBS (Construction 
Industry Development Board, 2007). 
An example is the levy exemption, which is 0.125% of the contract sum for 
any housing projects that can demonstrate 50% usage of IBS (Minister of Public 
Works Department, 2005). In addition, the Malaysian Treasury issued a Treasury 
Circular Letter in November 2008, now referred to as the SPP 7/2008, to all 
Malaysian Government agencies directing them to increase the IBS content of their 
building development projects to a level not less than 70 on the IBS Score (Treasury 
Malaysia, 2008). 
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Encouragement from the Malaysian Government shows the importance of 
research and development in upgrading the IBS system. With proper planning and 
implementation, IBS would be the best solution for problems in the construction 
industry. Additionally, with the integration of sustainability, the best standard of 
quality could be attained. Therefore, this research is crucial for gaining a better 
understanding of the system and its contribution to sustainable development.  
Sarja (1998) stated that sustainability for IBS buildings must be integrated with 
the application of life cycle methodology, which takes into account the aesthetics, 
health, economy and ecology throughout its lifespan. It also fulfils clients’ needs and 
all the requirements of a sustainable society and nature. Each stage of IBS 
implementation has its own objectives for enhancing sustainability. Therefore, it is 
important to integrate sustainability in the implementation of IBS. 
The Natural Step provides an intensive framework to visualise the importance 
of sustainability considerations in a construction project (Roberts, 2008). A funnel is 
used as a metaphor to show an increasing demand in contrast to declining available 
resources and ecosystem services (Figure 2-5). The space available at the top of the 
funnel envisages the options and constraints to be considered when making a 
decision for any solution. A proper path is required in order to shift towards 
sustainability and begin to open up the walls of the funnel.  
In addition, the injection of sustainability principles in IBS can restore and 
maintain the harmony between the environment and construction, improve human 
self-respect and encourage economic development. The implementation of 
sustainable IBS can also ensure institutional sustainability. This dimension of 
sustainability plays an important role in catalysing development holistically, 
especially for developing countries. With cooperation and understanding among 
stakeholders, sustainability principles will integrate these efforts in each stage of IBS 
implementation. 
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Figure 2-5: The Funnel (Roberts, 2008) 
Based on a similar application by previous research studies, sustainable IBS 
construction can be described as projects that are economically, environmentally, 
socially and institutionally sustainable (Abdullah & Egbu, 2010; Horman et al., 
2006; Lapinski et al., 2005; Lim, 2009; Spangenberg, 2004; Yang & Lim, 2008). 
Therefore, an integrated conceptual framework is proposed for this research to 
improve sustainable deliveries for IBS construction. With reference to ‘The Funnel’ 
by Roberts (2008), the proposed framework is illustrated in Figure 2-6. There are 
four main elements involved in this framework for ensuring sustainable deliverables 
in IBS: 1) Enablers, 2) Integrated decision making guidelines, 3) Sustainable IBS 
design, and 4) Sustainable deliverables in IBS.   
 
Figure 2-6: Appropriateness of ‘The Funnel’ for Industrialised Building System (IBS) 
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For the first element, enablers are the factors that can influence the motivation 
for sustainable deliverables for IBS construction. Seidel et al. (2010) stated that 
enablers can be categorised into four groups, namely: 1) strategy definition, 2) 
organisational support, 3) motivation, and 4) traceability. The nature of the 
construction industry requires a high commitment from the project team to ensure the 
successful delivery of the projects. Each project participant should understand the 
strategy and available support to achieve the project’s goals. Organisations should 
provide clear instructions to their team members in incorporating sustainable 
principles in the IBS projects. Self-awareness and motivation among the personnel 
involved will encourage the sustainable implementation of IBS. In addition, 
traceability in the sense of transparency and measurement are also very important to 
manage the adoption of sustainable deliverables (Seidel, et al., 2010).  
Second, integrated decision-making guidelines are required to assist decision-
makers in selecting appropriate construction methods in order to improve sustainable 
deliverables. This research is formulating the efficient decision making guidelines to 
improve sustainability in IBS construction. 
Third, these proposed sustainable IBS design guidelines should be used to 
ensure sustainability in construction projects. Even though the designer is the one 
who makes the ultimate decisions, considerations of key stakeholders must be taken 
into account. These design guidelines can be developed on the basis of consensus 
between key stakeholders, including manufacturers, regulatory authorities and also 
contractors. 
Finally, sustainable deliverables in IBS need to be linked to the ‘enablers’ to 
stimulate motivation and inspiration so that better outcomes can be achieved, and 
need to be monitored in order to prevent failure due to the existing constraints. The 
outcome of sustainable deliverables in IBS balances the supply and demand without 
destroying our natural resources for future generations. 
2.3.3 Integrated sustainable IBS approach 
Most of the IBS projects in Malaysia are still adopting the traditional approach 
that involves separate design and construction stages (Figure 2-7). There are four 
main processes relating to the design stage that are usually initiated with a client 
briefing during which an appointed designer will be briefed by the client about the 
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concept and requirements of the project. The architectural design can then be 
developed and handed to an engineer to develop the structural design. Finally, the 
quantity surveyor will estimate the cost involved and obtain approval from the client. 
The construction stage involves two main processes: 1) production and 2) 
construction and installation.  
 
Figure 2-7: Traditional IBS Approach (Nawi et al., 2009) 
This traditional approach restricts contractors and manufacturers from being 
involved in the design stage. As a result, cooperation among key stakeholders is 
lacking. The lack of integration will result in the need to plan redesign, and, 
consequently, will increase the project cost (Hamid, et al., 2008). Moreover, most of 
the research studies agreed that sustainable deliverable initiatives require early 
cooperation among the stakeholders (Ding, 2008; Horman, et al., 2006; Jaillon & 
Poon, 2010; Yang & Lim, 2008). It is important for each player to identify issues 
then set agreeable sustainability goals prior to schematic design and continue through 
construction, operation and demolition of the building.  
The improvement of sustainable design practice must be driven from two 
directions, first, the integration of stakeholders, and, second, the sustainability factors 
in IBS. The improved relationship is illustrated in Figure 2-8 where more emphasis is 
placed on the earlier stages to ensure a clear project strategy in achieving sustainable 
objectives. This approach offers opportunities to learn from each other based on 
previous experience and incorporating improvements, such as not repeating mistakes, 
wasteful processes and ‘fire-fighting’ management practices (Pasquire & Connolly, 
Client Brief Architectural Design 
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Design 
Cost 
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Barriers 
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2003). In addition, segregation and isolation are removed from the different 
organisations, which provide them a space to work together in an integrated 
approach.  
 
Figure 2-8: Integrated Sustainable IBS Design Consideration among Key Stakeholders 
2.3.4 Design in Industrialised Building System and Sustainability 
Industrialisation is a generic organisation based on quantity that offers complex 
products to the vast majority of people (Richard, 2005). The participants in 
industrialisation have continuous interaction to produce agreed products even though 
they are for mass-customisation. Richard (2005) added that the building system can 
be defined as a set of parts and rules where the details are solved so as to generate 
many different and customized buildings. This is an opportunity to adapt each part of 
the building component for different locations and purposes. As a result, IBS 
produces a mass of standardised components using the traditional set of working 
drawings.  
The designer plays an important role in integrating sustainability in the 
construction. Figure 2-8 shows the possibility of integrating sustainability in the 
decision making process by using designers at the front end to improve IBS 
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construction efficiency. It is a designer’s duty to maximise the production of IBS 
components in the factory, leaving only the final assembly to be done on site. 
Richard (2006b) summarized IBS into five sub-systems – structure, envelope, 
partitions, services and equipment. According to the literature review, there is a lack 
of research that focuses on structural classification.  
The building design often requires collaborative work between the members of 
a construction project team. A typical project involves a wide range of disparate 
professionals – clients, architects, structural engineers, quantity surveyors, 
contractors, materials suppliers and local authorities. These stakeholders work 
together for a relatively short period on the design and construction of a proposed 
building. The architectural design is usually substantially complete before the start of 
the structural design, which is normally at an advanced stage before the mechanical 
and electrical services engineers begin their design.  
The structure is an important element in distributing the dead and live load to 
the ground and is designed by structural engineers. Prefabrication of structural 
systems would increase the productivity of site assembly and guarantee high quality 
of the construction work (Bjornfot & Sarden, 2006). Since previous researchers have 
completed work in determining the parts of the building envelope including the 
architectural design (Luo, et al., 2008), this study focuses on the structural members.  
The injection of sustainability principles into IBS can restore and maintain the 
harmonisation between the environment and construction, and create settlements that 
affirm human self-respect and encourage economic development. Richard (2006b) 
supports this statement by providing eight points, as listed in Table 2-1 below. 
Table 2-1: Eight points that encourage sustainability in IBS  (Richard, 2006b) 
Perspective Criteria 
Economy • Reproduction, which ensures higher productivity and quality 
• Simplified processes, which reduces the total energy involved 
Factory 
production 
• Working conditions to avoid losing time through severe weather  
• Waste reduction due to modular coordination, bulk purchasing and 
factory applied finishes  
• Factory conditions, which avoid later repairs  
• Precision in production keeping the construction site clean and free of 
debris 
Adaptability • Flexible components, which allow for planning changes 
• Demountable components, which allow for a major reconfiguration 
and relocation without demolition waste 
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Chen et al. (2010b) address the advantages offered by IBS to better serve 
sustainable building projects. The advantages of IBS in contributing sustainability 
include: shortened construction time, lower overall cost, improved quality, enhanced 
durability, better architectural appearance, enhanced occupational health and safety, 
conservation of materials, less construction site waste, less environmental emissions, 
and reduction of energy and water consumption. This shows that IBS plays an 
important role in driving sustainability within the construction industry.  
According to Baldwin et al. (2009), IBS is considered to be an effective means 
to reduce the construction waste and improve sustainability. In addition, Jaillon et al. 
(2009) stated that the average wastage reduction level in IBS was about 52%. This 
reduction minimises the consumption of natural resources. 
Al-Yami and Price (2006) stated that sustainability in construction will provide 
better occupant comfort, healthy lifestyle and harmony in the community. 
Sustainable construction reduces energy and harmful emissions. The adaptation of 
sustainable construction in IBS will be beneficial not only for the short-term but also 
provide better long-term value to the built environment and its occupants.  
2.3.5 Sustainable Performance Criteria 
Key stakeholders are struggling to integrate sustainability in IBS 
implementation due to unclear decision guidelines and the shortage of tools 
regarding sustainability criteria selection (Chen, et al., 2010b). Most of the current 
initiatives focus on the macro level, which inhibit practices of sustainability at the 
project level (Ugwu & Haupt, 2007). Typically, the evaluation and selection of IBS 
implementation is based on rule of thumb and the experience of the design team 
(Idrus & Newman, 2002).  According to Van Egmond (2010), there is increased 
public pressure on stakeholders to meet the demand for sustainable construction. 
Therefore, a new set of performance IBS criteria is required in response to this need. 
Table 2-2 shows the previous studies on performance criteria that improve 
sustainability in construction. However, there has been little research on 
Industrialised Building System (IBS) sustainability. 
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Table 2-2: Sustainable performance criteria based on previous research 
Authors / 
Year 
Components of Model/Framework 
Social Economic Environment 
Gibberd 
(2008) 
• Occupant comfort 
• Inclusive 
environments 
• Access to facilities 
• Participation and 
control 
• Education, health 
and safety 
• Local economy 
• Efficiency 
• Adaptability 
• Ongoing costs 
• Capital costs 
 
• Water 
• Energy 
• Waste 
• Site 
• Materials and 
components 
Departme
nt of 
Trade and 
Industry 
(DTI)  
(2001) 
 • A 30% reduction in 
construction costs; 
• A 35% reduction in 
construction time; 
• A 60% reduction on 
defects on completion. 
• Operational Energy 
Use 
• Embodied Energy 
• Transport Energy 
• Waste 
• Water 
• Species Index per 
Hectare 
Holton 
(2006) 
• Health and Safety 
• Local communities 
• Employment  
• Market image  
 
• Legislation 
• Supply chain 
• Taxes and additional cost 
 
• Reduce water 
consumption 
• Energy efficiency 
• Waste disposal 
• Reduce primary 
materials usage 
Pitt et al. 
(2009) 
• Quality of life,  
• Promotion of 
healthy living  
• Cohesiveness of 
society 
• Reduced 
absenteeism 
• Better employment 
conditions 
• Market image 
• Employment opportunity 
• Legislation and codes of 
practice 
 
• Waste creation. 
• Energy use. 
• Water use. 
• Re-use and re-cycling. 
• Pollution and bio-
diversity. 
Shen et al. 
(2007) 
• Land Use 
• Conservation of 
culture and 
heritage 
• Infrastructure 
development 
• Safety and 
Security  
• Employment 
• Services and 
Facilities 
• Community 
amenities 
 
• Supply and demand 
• Marketing Cost 
• Scale and business 
scope 
• Effect on local 
economy 
• Life cycle cost 
• Budget, Finance and 
Investment Plan 
• Project Layout 
• Material Cost 
• Opportunity cost 
• Labour cost 
• Professional fees 
• Energy Cost 
• Eco-environmental 
sensitivity 
• Ecological 
• Air 
• Water 
• Noise 
• Waste 
• Design 
• Pollution and 
destruction 
• Comfort disturbance 
• Energy and 
resources 
• Health and safety 
• Materials renewable 
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Authors / 
Year 
Components of Model/Framework 
Social Economic Environment 
• Water Cost 
• Logistics, Equipment 
and Installation Cost 
• Site Security 
• Profit and income 
• Outgoing cost 
• Waste Disposal Cost 
• Residual and Land 
Value 
• Training Cost 
 
and reuse  
• Ozone protection 
• Operations and 
services 
• Management and 
Organisation 
• Resources 
• Regulations and 
policy 
• Land contamination 
• Training  
• Operation of 
facilities 
 
Al-Yami 
and Price 
(2006) 
• Ensure safety 
• Provide privacy 
• Satisfy needs 
• Regulate air quality 
• Control noise 
• Control light 
• Control temperature 
• Manage colours 
• Regulate humidity 
• Ensure quality 
• Ensure adaptability 
• Enable constructability 
• Ensure durability 
• Deliver affordability 
• Minimise whole life 
costing 
 
• Conserve water 
• Conserve energy 
• Select Land 
• Select materials 
• Preserve biodiversity 
• Minimise global 
warming 
• Deplete ozone 
• Reduce waste 
• Reduce acid rain 
• Select site 
• Minimise pollution 
• Eliminate toxicity 
Patzlaff et 
al. (2010) 
• Urban integration 
• General locations 
and solar orientation 
• Access ways 
• Parking space 
• New technologies to 
reduce water use 
• Thermal insulation 
• Thermal comfort 
• Daylight and views 
• Finishing and 
furnishing adequate 
to users 
• Neighbour 
integration 
• Building adaptation 
to elderly and 
disabled 
• Local worker degree 
• Employment 
formality 
• Food supply for 
• Alternative transportation 
• Building reuse (retrofit or 
other strategies) 
• Easy maintenance 
• Life cycle assessment 
• Layout and use flexibility 
• Design innovation 
• Type of structure  
• Method of transport used 
by workers 
• Storm water 
management 
• Reduce water use 
• Reduce sewage and 
grey water 
• Storm water reuse 
• Wastewater reuse 
• Energy efficiency 
• Renewable energy and 
green energy use 
• Reuse or recycling 
materials and 
components 
• Construction waste 
management 
• Local or regional 
materials 
• Renewable materials 
• Certified woods 
• Environmental quality 
of materials 
• Natural ventilation 
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Authors / 
Year 
Components of Model/Framework 
Social Economic Environment 
workers 
• Security on work 
• Discrimination 
absence 
• Perception of 
importance of 
sustainability 
• Noise control 
• Waste management 
• Environmental 
responsible 
management 
• Water infiltration into 
the soil 
• Soil pavimentation 
type  
• Surroundings and 
building vegetation 
Pitt et al. (2009) identified that an effective working environment reduces 
absenteeism and supports staff retention and recruitment. IBS promotes stable 
working conditions and organised working procedures. The local labourers have the 
opportunity to develop their skills and knowledge and reduce the possibility of being 
transferred to another region or location.  
IBS is seen as more expensive, especially as it involves high initial capital 
outlay, and higher design, cranage and transport costs compared to conventional 
construction (Blismas & Wakefield, 2009). Although the critical investment in the 
initial process is very high, once the break-even point is reached, the benefits from 
IBS will increase with the number of units produced (Chen, et al., 2010b; Tam et al., 
2007). By implementing IBS, Malaysia is on the right track for moving forward to 
develop the country. Other developing countries, such as Thailand and Singapore, 
are also moving in the same direction. 
In addition, the higher cost in IBS implementation can be reduced by 
integrating the design and using right sizing. IBS requires modular coordination in its 
production and provides a platform to promote an integrated design. In addition, by 
selecting the appropriate strategies, IBS optimises the sustainability, performance 
and explores the available opportunities. In the long run, sustainable projects provide 
an advantage to the stakeholders from an economic standpoint. IBS has the potential 
to maximise cost savings by identifying key stakeholder requirements. Therefore, 
IBS is seen as an appropriate alternative to offering a better future for the next 
generation. 
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2.3.6 The Malaysian Construction Industry Master Plan 2005-2015 
The construction industry plays an important role in stimulating the economy 
for a developing country, such as Malaysia. This sector can produce a multiplier 
effect for other industries, such as manufacturing, finance and education. On 24th 
June 2003, the Malaysian Construction Industry Development Board (CIDB) and the 
Building Industry Presidential Council (BIPC) organized a conference with the title 
“Establishing priorities to improve the Malaysian Construction Industry for the 
future”, to discuss and identify factors that would strengthen the construction 
industry (CIDB 2007). The outcome from this discussion is that the CIDB and BIPC 
proposed a Construction Industry Master Plan 2006-2015. The CIMP is a 
comprehensive plan to develop a strategic plan over the next ten years. In addition, 
the CIMP also plans to ensure that the construction industry development will be a 
catalyst for driving productivity and quality in the construction industry. Outlined 
within this Master Plan are the vision, mission, seven strategic thrusts, and 21 
specific recommendations to guide the construction industry. The Master Plan is 
summarized in Figure 2-9. 
CONSTRUCTION INDUSTRY MASTER PLAN 2006-2015
Strategic 
Trust 1
Strategic 
Trust 2
Strategic 
Trust 3
Strategic 
Trust 4
Strategic 
Trust 5
Enabling 
Recommendations
Integrated the 
construction 
industry value 
chain to 
enhance 
productivity 
and efficiency
Strengthen the 
construction 
industry image
Strive for the 
highest 
standard of 
quality, 
occupational 
safety and 
health and 
environmental 
practices
Develop 
human 
resource 
capabilities 
and capacities 
in construction 
industry
Innovate 
through 
research and 
development 
and adopt new 
construction 
methods
Leverage on 
information and 
communication 
technology in 
the 
construction 
industry
Strategic 
Trust 6
Strategic 
Trust 7
Benefit from 
globalization 
including the 
export of 
construction 
products and 
services
Consolidate 
the industry
Standardise 
and integrate 
administrative 
practices and 
procedures
Enhance the 
professionalism 
of the 
construction 
industry
Enhance the 
procure-to-pay 
(P2P) strategy
Raise the 
sophistication 
level of the 
construction 
community
Foster a quality 
and 
environmental-
friendly culture
Enhance 
occupational 
safety and 
health
Adopt MS in  
the manufacture 
or import of 
construction 
building 
materials
Promote and 
enforce the 
use of skilled 
labour 
(building 
capability)
Nurture the 
desire to work 
in the 
construction 
industry 
amongst the 
local 
workforce 
(building 
capacity)
Continuously 
innovate 
construction 
processes and 
techniques
Stimulate R&D 
activities 
through 
resource-
pooling 
initiative 
amongst key 
players and 
provision of 
R&D 
infrastructure
Encourage 
knowledge 
sharing for 
continuous 
improvement
Develop local 
construction 
software 
industry
Ensure 
stability in the 
liberalised 
environment
Market in CI in 
a focused, 
global manner
Enhance 
industry’s 
access to 
financing
Develop 
complimentary 
industries
Review and 
amend tax, legal 
and regulatory 
framework
Redefine the 
structure and role 
of CIDB
Reinforce 
Bumiputera 
entrepreneurs 
capabilities and 
equitable share in 
the CI value chain
 
Figure 2-9 :Construction Industry Master Plan 2006-2015 (Construction Industry Development Board, 
2007) 
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Under strategic thrust number 5, the CIMP highlights that the percentages of 
IBS used in the construction industry must be above 80 per cent. This thrust demands 
the full cooperation of all stakeholders in achieving the objectives. The Malaysian 
government also promises to provide monetary support to encourage IBS. Tax 
reductions, a green lane approval programme, levy exemptions and financial loans 
are some of the direct benefits for various stakeholders, such as IBS manufacturers, 
contractors and developers (Recommendation 5.1, (CIDB 2007).  
Furthermore, strategic thrust number 3 exerts pressure to perform to the highest 
standard of quality, occupational health, safety and environmental practices. This 
indicates the existence of a parallel relationship between thrust number 3 and number 
5 to move construction forward. The relationship represents an opportunity to 
develop a long-term sustainable approach. 
2.3.7 Key Stakeholders in Industrialised Building System 
Construction is commonly known as a complex industry since it involves 
multiple parties to ensure the success of the project. These multiple parties are often 
called ‘stakeholders’ and their involvement has a great impact on construction 
development. According to El-Gohary et al. (2006), stakeholders are individuals or 
organisations that play important roles by providing input to ensure the success of the 
construction project. Their input is a crucial component, which affects the 
development of the project.   
The involvement of stakeholders is important in the early stages of the decision 
process to facilitate information gathering (Hamid, et al., 2008; Haron, et al., 2009; 
Jepsen & Eskerod, 2009). Dammann and Elle (2006) highlighted that the absence of 
a common language and consensus among actors involved in the building process is 
preventing consideration of environmental aspects. In addition, key decision makers 
have a tendency to neglect soft issues, such as the social impact to local communities 
and the safety and health. Expectations and contributions of each stakeholder should 
be a concern and listed.  
According to Reed (2008), there are eight key features of best practice in 
stakeholder selection.  The features are: 1) stakeholder participation needs to be 
underpinned by a philosophy that emphasises empowerment, equity, trust and 
learning, 2) where relevant, stakeholder participation should be considered as early 
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as possible and throughout the process, 3) relevant stakeholders need to be analysed 
and represented systematically, 4) clear objectives for the participatory process need 
to be agreed among stakeholders at the outset, 5) methods should be selected and 
tailored to the decision-making context, considering the objectives, type of 
participants and appropriate level of engagement, 6) highly skilled facilitation is 
essential, 7) local and scientific knowledge should be integrated, and 8) participation 
needs to be institutionalised. In this research, the selection of the respondents refers 
to these features. It is important to have appropriate respondents to produce relevant 
and effective research outcomes. 
Engagement with stakeholders in the early stages of decision making will 
ensure high quality and robust decisions. Reed (2008) pointed out that stakeholder 
participation should be considered right from the outset, from the concept 
development and planning, through implementation, to monitoring and evaluation of 
outcomes in committing of IBS sustainability. For example, contractors rather than 
designers often make decisions on the use of construction methods; whereas, without 
an integrated design environment, contractors have relatively little flexibility to 
wisely employ these strategies due to the difficulty in influencing the use of methods 
that have been embodied in the early design decisions. Their concerns regarding 
sustainability are often neglected, which can cause problems when the construction 
works begin. 
Therefore, this research will select appropriate key stakeholders as respondents 
– designer, contractor, manufacturer, authority, client or developer and user. 
Moreover, researcher opinion and suggestions from this field are also taken account 
to provide a more holistic view in developing the best decision making. It is 
necessary to develop a common understanding of sustainability among these multiple 
stakeholders. The results from the study will provide stakeholders with concrete 
measures regarding the crucial issues in IBS sustainability. The efforts to pursue and 
enhance sustainability deliverables in IBS will become more practical and more 
feasible to implement.   
2.4 CURRENT IMPLEMENTATION OF INDUSTRIALISED BUILDING 
SYSTEM 
This section outlines several studies primarily related to the current 
implementation of IBS construction. The advantages and barriers in IBS 
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implementation are discussed after the stages involved in IBS implementation are 
presented. 
2.4.1 Processes of IBS Implementation  
Generally, the processes of IBS implementation start with design, manufacture, 
construction, maintenance, and finally, the demolition activities (Sarja, 1998).  In the 
initial stage, the IBS components are designed according to technical specifications 
and modular coordination concepts that promote flexibility. Indeed, this flexibility is 
very important to allow geometrical variations that respond to different needs over 
space and time (Richard, 2006a).  
Subsequently, the components are prefabricated at a factory according to 
specified dimensions. During this stage, the product or components will be produced 
repetitively to maximize the output of the factory. The huge number of components 
produced will provide economies of scale and reduce the operation and investment 
costs (Colin, 1998). The equipment and tools in the factory reduce the construction 
time, cost and wastage. Skilled operators will ensure the quality of the component 
produced. 
The IBS components are transported to the site from the factory for the 
assembly and construction process. At the construction sites, the IBS components are 
installed with the assistance of lifting equipment. Once installation is completed, the 
IBS components are ready to be used, even to act as a platform, to support further 
construction. The construction work will continue according to the drawings and 
specifications in the contract documents. Once the building is completed, it will be 
handed over to the clients or developer.  
Following this, the maintenance stage commences to achieve optimal building 
performance. Bribián et al. (2009) stated that if less is invested in the earlier stage, it 
will increase the investment required for the later stage, especially when the 
operations and maintenances of the building. For example, poor insulation will cause 
the repetitive replacement of the ceiling. This will increase the cost incurred and 
cause an unpleasant situation for the users or occupants.  
Finally, after the end of life of the IBS building, it will be demolished for 
future development according to the developers’ requirements. Deconstruction or 
demolition of buildings often produces a huge amount of wastage. Jaillon et al. 
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(2009) stated that construction waste reduction is the major benefit when using IBS 
compared with conventional methods. The components in IBS could be dismantled 
and reused for another construction.  
This study will focus on the design stage because it has a substantial impact on 
the construction results. The design stage is more significant than other stages in IBS 
implementation (as shown in the cost influence curve, see Figure 2-10). The method 
of construction is decided upon based on the alternatives available during the 
planning and design phase. Davidson (2009) highlighted the importance of early 
consideration in the design stage before IBS is executed. The decision will directly 
affect the level of sustainability of the building constructed. 
 
Figure 2-10: Cost Influence curve (Francis, 1998) 
In addition, Kolltveit and Grønhaug (2004) stated that consideration in the 
early phase allows a better understanding of project value generation, stronger 
stakeholder involvement, improved decisions and better project execution. A new 
approach is required to fully meet the needs of designers, such as guidelines, 
assessment tools or advanced techniques (Baldwin et al., 2008). Therefore, the 
application of future guidelines will focus on the design stage. However, each stage 
involved in IBS implementation will be investigated to incorporate the principles of 
sustainability. 
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2.4.2 Advantages and Disadvantages of Industrialised Building System 
Gibb and Isack (2003) considered that the most important feature of IBS is its 
ability to minimise on site operations. The controlled production environment 
increases the quality of the components and reduces construction waste. Jaillon et al. 
(2009) revealed that the use of IBS could reduce wastage by up to 52% compared to 
conventional methods. The reduction directly impacts the usage of public fill areas 
and landfill space. Therefore, IBS has been identified as a solution to reduce waste 
from construction activities (Jaillon, et al., 2009; Shen, et al., 2007; Tam et al., 
2007). In addition, the burdens associated with waste management and waste 
disposal are also minimised.  
The benefits of IBS are largely dependent on the design and specification of 
the buildings. The combination of building methods being used on a project also 
plays an important role (Blismas, et al., 2006; Tam et al., 2007). For example, a 
building probably consists of three different types of IBS structural classifications – 
precast concrete for the columns and beams, timber structure for roof trusses and 
steel formwork for the slab. Each type of IBS provides different benefits and 
advantages. 
According to Badir et al. (2002), the main advantages of IBS are the quality, 
speed of construction and cost savings. The constructed buildings are ready to be 
used in a shorter time and with a lower cost. Maintenance and operations costs are 
reduced with the high quality characteristic of IBS. Moreover, their research states 
that the cost of labour and materials are also reduced with IBS. Waste reduction and 
controlled usage of materials contributes to the overall cost savings of the project. 
Another study, conducted by Shen et al. (2009), found that IBS demonstrated 
the benefits of cost saving. The study analysed results from replacing cast in situ 
concrete with precast slabs for temporary work. It was found that savings of about 
43.93%, 64.01% and 70.70%, were achieved by replacing in situ concrete with 
reused precast slabs once, twice and three times, respectively. Furthermore, the 
operation time is substantially reduced. Luo et al. (2005) stated that IBS enables 
process standardisation, shortens lead times, improves quality control and reduces 
materials when this system is employed efficiently. 
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In contrast, the main disadvantages of the IBS are that there is a high initial 
capital outlay and there is a need for skilled workers to coordinate the production and 
installation process. (Badir, et al., 2002; Goodier & Gibb, 2007). Although the initial 
investment for the heavy machinery and production system involves a substantial 
amount of money, it is possible to gain costs savings over the whole-life of IBS 
products (Blismas & Wakefield, 2009).  The higher initial cost can be reduced after 
long-term construction (Chen, et al., 2010b; Tam et al., 2007). However, with the 
current level of knowledge in IBS, extra funds are needed to train the semiskilled 
labour force and upgrade their skills.  
Zhao and Riffat (2007) noted that additional costs may be incurred through the 
use of IBS methods. This is because of shipping and handling. Advanced equipment 
is required to transport the heavy components of IBS; with proper coordination to 
prevent fractures or cracking and to ensure that joints are not stressed. Adler (1998) 
added that the facilities and infrastructure in developing countries are incapable of 
taking the loads involved, especially in road design.  
According to Chen et al. (2010b), tighter and longer periods of advanced 
coordination are required between the stakeholders involved. This is to allow for a 
cohesive structural design, construction planning, and procurement involving 
different components in IBS implementation. Gorgolewski (2005) recommended that 
IBS needs to be integrated from the early stages by considering the processes 
involved, such as manufacture, transportation and assembly. This is important to 
minimise lead-in times and to align all the stakeholders involved.  
2.4.3 Barriers in Implementing Industrialised Building System (IBS) 
Generally, the implementation of IBS is still low compared with conventional 
methods (Abdullah, et al., 2009; Blismas & Wakefield, 2009; Hamid, et al., 2007; 
Pasquire, et al., 2004; Rahman & Omar, 2006). The main reason why there is 
reluctance among clients and contractors to adopt this system is that they have 
difficulty ascertaining the benefits that such an approach would add to a project 
(Pasquire & Gibb, 2002). Blismas et al. (2005) highlighted that this situation happens 
because the opportunities in this system go unnoticed.  There are eight (8) main 
obstacles to transforming from conventional to IBS methods (Haron, et al., 2009):   
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Return of Investment Implication 
Substantial initial capital is needed before a construction company can 
implement IBS methods. The available workers and equipment should be upgraded 
according to the nature of IBS construction. Furthermore, fluctuating demand for 
construction types, high interest rates and cheap labour cost are the reasons why 
contractors find it difficult to switch to this system. At present, there is an abundance 
of cheap foreign workers in Malaysia (Haron, et al., 2009) and contractors prefer to 
use labour intensive conventional building systems because it is far easier to lay off 
workers during slack periods. The economic benefits of IBS are not well documented 
in Malaysia and past experience indicates that IBS is more expensive compared to 
conventional building systems.  
Lack of skilled and knowledgeable manpower 
Resistance to gaining new knowledge and skills has slowed the expansion of 
IBS construction. According to Haron et al. (2009), the Malaysian labour force still 
lacks skilled workers in IBS implementation. For example, a fully prefabricated 
construction system requires high construction precision. The ability to determine 
and follow the actual procedures is required for achieving this precision. With proper 
education and promotion, this problem would be overcome. 
Project Delivery and Quality Concern 
Teamwork is the most important factor in an effort to achieve the objectives. 
The construction industry is very fragmented and diverse, and involves many parties. 
Consensus and cooperation is required in the use of IBS, especially during the early 
stage. The integration and cooperation of each stakeholder to deliver a quality 
product is needed. Furthermore, the image of IBS has a bad reputation for poor 
quality and is befouled by previous experience (Philipson, 2001).  
Knowledge Gaps 
Research and development in IBS is lacking because of the reluctance on the 
part of stakeholders who do not clearly understand this system. Employing local 
materials as well as people’s perceptions are important in executing IBS. According 
to several researchers, there is a lack of knowledge in IBS and sustainability among 
the university graduates (Hamid, et al., 2007; Thanoon, et al., 2003). In addition, 
Rahman and Omar (2006) stated that the civil engineers and parties involved lack the 
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requisite knowledge of structural analysis and design of pre-fabricated components. 
The Construction Research Institute of Malaysia (CREAM) has been established to 
manage the IBS research to enhance the development of this system in Malaysia 
(Hamid, et al., 2008). 
Low Quality 
Previous IBS projects had low quality and incurred high construction costs. 
Rahman and Omar (2006) found that leakage problems were a common issue with 
previous IBS buildings. In addition, in many cases low cost housing is not 
maintained properly, thus contributing further to the poor image of IBS buildings. 
Lack of Incentive and Awareness 
Due to the lack of incentives and promotion to use IBS, many architects and 
engineers are still unaware of the basic elements of IBS, such as modular 
coordination. Reluctance on the part of the industry is probably the main reason for 
the lack of awareness of the incentives offered by government. In addition, designers 
are not aware of the benefits and do not understand how the system impacts on the 
design process of the IBS system (Philipson, 2001). 
Lack of Scientific Information 
An IBS system can only be acceptable to practitioners if its major advantages 
are valuable when compared with the conventional system. However, to date, there is 
inadequate corroborative evidence to substantiate the benefits of the IBS systems. 
Therefore, it is arguable that the implementation of IBS is particularly hindered by a 
lack of scientific information (Badir, et al., 2002). 
Wastage of Material 
IBS components need to be standardised for production to accomplish the 
requirements of modular coordination. The wastage of materials will occur when a 
larger component has to be used because of the unavailability of the correct size 
(Thanoon, et al., 2003). The modification and changes will cause wastage in IBS. In 
addition, late design modifications would increase the cost of construction (Jaillon & 
Poon, 2009). 
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2.5 DEVELOPMENT OF DECISION SUPPORT SYSTEM 
This section provides a literature review regarding decision support systems for 
sustainability and IBS. The shortage of decision making guidelines in injecting 
sustainability elements is exposed and the available opportunities to improve the 
decision support system are discussed.  
2.5.1 Sustainability Assessment Tool 
A decision support system is an integrated and interactive computer system, 
which helps the user to identify the best solution in solving the large and 
unstructured problems (Kapelan et al., 2005). The system enables users to translate 
knowledge into action. The process is intended to enhance sustainability in the 
selected results. The understanding and consequences of different choices could be 
demonstrated to the user by using these tools in decision making.  
Various institutes have developed numerous tools for different purposes. In the 
building sector, only two types of assessment tool have been developed based on the 
criteria system and another one uses the life cycle assessment (LCA) methodology 
(Ali & Al Nsairat, 2009; Patzlaff, et al., 2010). The criteria-based tools can be 
defined as a system of assigning point values to a selected number of parameters on a 
scale ranging between “small” and “large” environmental impact. These tools, such 
as the Building Research Establishment Environment Assessment Tool (BREEAM), 
Leadership in Energy and Environmental Design (LEED) and Green Star 
Assessment System can be considered as comprehensive environmental assessment 
schemes.  In addition, the LCA is used for the selection of building design, building 
material, and local utility options (energy supply, waste management, and transport 
type) (Ali & Al Nsairat, 2009).  
The BREEAM was initiated in 1988 by the Building Research Establishment 
(BRE) and has been operated by them ever since. The BRE is the national building 
research organisation of the United Kingdom. The main objective of this assessment 
tool is to transform the construction of office buildings to high performance 
standards (Kibert, 2008). Recently, this assessment tool introduced aggressive 
environmental regulations and it is difficult to score credits (Lee & Burnett, 2008). 
LEED is an internationally recognised green building certification system from 
the United States of America. These tools assess a building in terms of its 
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sustainability performance. LEED was developed by the US Green Building Council 
(USGBC). Although LEED is comprehensive in assessing a building, this assessment 
tool neglects to consider on site issues, regional context, brownfield properties, 
financial success, or livability concerns (Wedding & Crawford-Brown, 2007). 
Green Star, which is used in the Australian building market, is a new building 
assessment system. This measurement tool rates a building at different phases of the 
building cycle (design, construction, interior and operation). This system builds on 
existing rating systems and tools including the BREEAM and LEED systems 
(Kibert, 2008). According to Mitchell (2009), Green Star accreditation is expensive 
and time consuming. The cost of obtaining a certified rating could reach up to 
AU$100,000.  
In Singapore, the Building and Construction Authority (BCA) launched Green 
Mark for Buildings Scheme in January 2005. This assessment tool promotes 
sustainability to achieve better performance in energy efficiency, water usage, use of 
recycled and reusable materials, indoor environmental quality and environmental 
management (Building and Construction Authority, 2007).  
Malaysia’s Green Building Index (GBI) was introduced to the public on 3rd 
January 2009. It is the latest tool developed to measure sustainable development for 
building construction. Using this tool, one may argue that IBS components require a 
more appropriate tool to measure the sustainability contribution at project-specific 
levels. The introduction of income tax exemption, equivalent to 100% of the 
additional capital expenditure incurred to obtain a Green Building Index certificate is 
deemed an attraction to the industry in implementing this tool. Furthermore, import 
duty and sales tax will be waived for companies who obtain this certificate (Green 
Building Index Sdn Bhd, 2009). Table 2-3 shows a summary of the selected rating 
tools based on criteria system.  
Table 2-3: Summary of categories in green building tools 
Name of 
Rating Tool 
Developer Origin Year 
Introduced 
Categories 
BREEAM Building Research 
Establishment (BRE) 
United 
Kingdom 
1990 • Energy use 
• Transport 
• Water 
• Ecology 
• Land use 
• Materials 
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Name of 
Rating Tool 
Developer Origin Year 
Introduced 
Categories 
• Pollution 
• Health and well-
being 
LEED United States Green 
Building Council 
(USGBC)  
United States 
of America 
1993 • Energy and 
atmosphere 
• Water efficiency 
• Sustainable sites 
• Materials and 
resources 
• Indoor 
environmental 
quality (IEQ) 
• Innovation 
Green Star Green Building 
Council of Australia 
(GBCA)  
Australia 2003 • Energy 
• Transport 
• Water 
• Ecology and use 
• Emissions 
• Materials 
• IEQ 
• Management 
• Innovation 
Green Mark Building and 
Construction 
Authority (BCA)  
Singapore 2005 • Energy efficiency 
• Water efficiency 
• Environmental 
protection 
• IEQ 
• Other green 
futures 
• Innovation 
Green 
Building 
Index 
Green Building Index 
Sdn Bhd  
Malaysia 2009 • Energy efficiency 
• IEQ 
• Sustainable site 
and management 
• Materials and 
resources 
• Water efficiency 
Soebarto and Williamson (2001) argued that multi-criteria assessment of 
building performance allows the designer to test design strategies against different 
sets of criteria. The user may nominate evaluation criteria and their weighting in the 
system developed. The user can also display the project trial solutions on the 
multiple assessment screens and comparisons could be made.   
Furthermore, Ortiz et al. (2009) stated that LCA could optimise social, 
economic and environmental aspects, from the extradition of raw materials to the 
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final disposal of waste building materials. At the end of their research, the results 
show that the application of LCA is fundamental to sustainability and improvement 
in building and construction and is suitable for most construction types.  
Ding (2008) stated that it is important to evaluate the level of sustainability in 
the construction project in the early stage, even before a design is conceptualised. 
Little concern is given to more environmentally friendly choices when a design is 
selected. This project appraisal stage was identified by Ding (2008) as the best time 
to incorporate environmental matters with the construction. However, Soebarto and 
Williamson (2001) noted that the assessment process is usually carried out when the 
design of the project is almost finished.   
Economic efficiency plays a key role in ensuring optimal consumption and 
production, especially in a construction project. This major contribution of 
sustainability should be measured with the assessment tools. Some assessment tools, 
such as BREEAM and LEED, do not include financial aspects in the evaluation 
framework (Ding, 2008). Table 2-3 shows that the other tools (Green Star, Green 
Mark, Green Building Index) also focus on the evaluation of design against a set of 
environmental criteria such as energy and water efficiency, indoor environmental 
quality and sustainable site management. The considerations on the financial aspects 
are neglected and may lead to a project that, while environmentally sound, would be 
very expensive to build. 
The challenge for the construction industry is to deliver economic buildings 
that maintain or enhance the quality of life, while at the same time reducing the 
impact of the social, economic and environmental burdens from the community. 
2.5.2 Prefabrication Decision Tool 
Prefabrication, preassembly, modularization, and off-site fabrication (PPMOF) 
was developed in 2005 by US researchers. The main objectives were to help 
stakeholders overcome project challenges and use the opportunities available in 
prefabrication to improve project performance. PPMOF provides a decision 
framework to assist builders in evaluating the applicability of prework on the project 
and describes a computerized tool for helping the decision making process (Song, et 
al., 2005). 
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Other research, such as the IMMPREST or Interactive Method for Measuring 
PRE-assembly and Standardisation, was developed by researchers from the United 
Kingdom. An important feature of IMMPREST is that it brings “softer issues”, such 
as health and safety, sustainability, and effects on the management process in 
decision-making.  The researchers argued that the measurement should also consider 
indirect attributes, such as reducing the  environmental impact (Blismas, et al., 2006). 
Luo et al. (2008) argued that selection of the best alternatives is important to 
enhance the sustainability outcome for the construction project. By choosing the 
most efficient component in every stage, effective prefabrication decisions would be 
obtained after comparing the different options available. The Prefabrication Strategy 
Selection Method (PSSM) could determine the appropriate strategies in selecting the 
best component based on initial cost, schedule, quality and a small portion of 
sustainability. Furthermore, Luo et al. (2008) stated that PSSM focuses specifically 
upon curtain wall systems, mechanical systems, and wall frame systems. Therefore, 
there is a lack of knowledge contribution for determining the level of sustainability 
for structural elements.  
The latest tool, Construction Method Selection Model (CMSM), is divided into 
two sequential levels: strategic and tactical (Chen et al., 2010a). The former is to 
evaluate prefabrication potential in term of project characteristics, site conditions, 
market attributes, and local regulations, while the latter is to examine project 
efficiency and explore an optimal strategy across different elements (e.g. column, 
beam and slab). CMSM provides a rank order of all alternatives thus offers optimal 
prefabrication strategy for a concrete building. Table 2-4 shows a summary of the 
existing tools for IBS. 
Table 2-4: Components in the previous model prefabrication decision tools 
Author Tool’s Name Components of Model/Framework Social Economic Environment 
Song et 
al. (2005) 
Prefabrication, 
preassembly, 
modularization, 
and off-site 
fabrication 
(PPMOF) 
• Safety  
• Site attributes 
 
 
• Schedule 
• Cost 
• Labour 
• Mechanical 
System 
• Project and 
contract types 
• Design 
• Transportation 
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Author Tool’s Name Components of Model/Framework Social Economic Environment 
and lifting 
requirements 
• Supplier 
capability 
Pasquire 
et al. 
(2004) 
Interactive 
Method for 
Measuring PRE-
assembly and 
Standardisation 
(IMMPREST) 
• Reducing Health 
& safety risks 
• Implementing 
respect for people 
principles 
• Ensuring project 
cost certainty 
• Minimise non-
construction cost 
• Minimise 
construction cost 
• Minimise overall 
life cycle cost 
• Completion date 
certain 
• Minimise on site 
duration 
• Minimise overall 
project duration 
• Achieving high 
quality 
• Predictability of 
quality 
• Performance 
predictability 
throughout the 
life cycle facility 
• Reducing 
environmental 
impact during 
construction 
• Maximising 
environmental 
performance 
throughout the 
life cycle 
Luo et al. 
(2008) 
Prefabrication 
Strategy 
Selection 
Method (PSSM) 
• Health and safety 
during 
construction 
• Improved 
occupant health 
• Economic 
development in 
local 
communities 
 
• Direct labour 
savings (field 
worker) 
• Indirect labour 
savings (indirect 
overhead) 
• Design speed 
• Equipment 
requirements 
• Reduced rework 
• Reduced 
transportation 
• Preconstruction 
speed 
• Manufacturing 
and delivering 
speed 
• Increased speed 
of construction 
on site 
• Customer 
requirements 
(aesthetic, 
expected 
functions, life 
• Reduced material 
waste and 
increased 
material 
recycling  
• Material reuse 
and / or recycling 
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Author Tool’s Name Components of Model/Framework Social Economic Environment 
span) 
• Design / 
engineering 
tolerances  
• Streamlined 
information flow 
and management 
processes through 
design, 
manufacturing 
and construction  
• Flexibility / 
adaptability 
• Reduced 
operation & 
maintenance 
requirements 
Chen et 
al. 
(2010b) 
Construction 
Method 
Selection Model 
(CMSM) 
• Health of 
occupants (indoor 
air quality)  
• Influence on job 
market  
• Physical space  
• Aesthetic options  
• Workers' health 
and safety  
• Labor availability  
• Community 
disturbance  
• Traffic 
congestion 
 
• Construction time  
• Initial 
construction costs  
• Maintenance 
costs  
• Disposal costs  
• Life cycle  
• Defects and 
damages  
• Durability  
• The speed of 
return on 
investment 
• Flexibility 
(adaptability)  
• Loading capacity 
• Integration of 
building services 
• Lead-times  
• Material costs  
• Labor costs 
• Constructability 
(buildability) 
• Integration of 
supply chains 
(logistics) 
• Site disruption  
• Recyclable/renew
able contents  
• Energy efficiency 
in building use 
(thermal mass)  
• Reusable/recycla
ble elements 
costs  
• Material 
consumption  
• Energy 
consumption in 
design and 
construction  
• Waste  
• Pollution 
generation 
• Water 
consumption 
It could be argued that most of the assessments focus on economics. However, 
the environment, social and institutional criteria should be considered equally when 
selecting the appropriate strategies and the best method for enhancing sustainability.  
 Chapter 2: Literature Review 51 
In addition, Hezri and Dovers (2006) stated that indicators and assessment 
tools are developed for different purposes, and, therefore, have a variety of aims, 
types of operation and functional scales. Furthermore, Bourdeau (1999) stated that 
the priorities and approaches in achieving sustainable construction vary between 
countries. Different populations of users have a different reaction and consensus to 
the attributes of the construction method based on their individual and organisational 
characteristics or criterion (Keysar & Pearce, 2007).  
Moreover, decision making requires the acquisition of sound and reliable data 
and information about the system (Francois et al., 2002). The establishment of an 
effective decision process is also required to unlock the available opportunities and 
optimise the sustainability performance of the system used. The lifecycle of IBS 
should be examined to determine the best solution and method in promoting 
sustainability.   
2.6 RESEARCH GAP 
The adoption of IBS in Malaysia is still low compared to that of developed 
countries, even though the Government has exerted considerable effort into 
promoting this innovation technology. Reports show that in 2006, not more than 15% 
of construction works in Malaysia used IBS (Hamid, et al., 2008). This is surprising 
because the benefits offered by this system, especially in promoting sustainability, 
are enormous compared to conventional construction. Previous research has 
highlighted that this scenario may happen because of the misconceptions about the 
benefits of IBS, and because the stakeholders have failed to foresee the benefits of 
IBS due to insufficient information supporting the feasible changes offered by IBS 
(Hamid, et al., 2008). In addition, inappropriate selection methods hinder the 
successful implementation of IBS and cause unwanted problems, such as changing 
orders, substantial cost overruns, and constructability conflicts (Chen, et al., 2010b). 
Therefore, it is vital to solve the existing research gap in order to improve the 
efficiency of IBS implementation.  
Although some literature revealed some of the recent works on the 
development of sustainability assessment tools (Lee & Burnett, 2008; Mitchell, 
2009; Ugwu & Haupt, 2007), these tools do not focus on IBS implementation. 
Although the experience and knowledge acquired in this research are certainly of 
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some help in devising ways to facilitate sustainable IBS development, the assessment 
tools needed to be modified to suit IBS implementation, especially for a developing 
country. Nevertheless, a few researchers have considered IBS to provide more 
efficient assessment tools such as PPMOF (Prefabrication, Preassembly, 
Modularisation and Offsite Fabrication), IMMPREST (Interactive Method for 
Measuring PRE-assembly and Standardisation), PSSM (Prefabrication Strategy 
Selection Method), and CMSM (Construction Method Selection Model).  
While these existing tools provide some benchmarks in the selection of IBS, 
few are capable of recommending how to improve sustainability based on the 
selected options, which is the crux of the issue in Malaysia’s IBS applications. 
Moreover, these existing tools do not consider all aspects of sustainability, namely, 
the economic, environmental, social, and institutional pillars. Most omit institutional 
aspects, which, according to Spangenberg (2002a), must be considered equally when 
selecting appropriate strategies for enhancing sustainability. Concrete buildings seem 
to have been favoured in the existing tools. However, IBS in Malaysia also consists 
of structural applications, such as timber and steel, which exhibit unique 
characteristics for the improvement of sustainable deliverables (Burgan and Sansom, 
2006). The tools presented to date are in the context of developed countries. Local 
and regional characteristics and physical environment are among the important 
elements to be considered when measuring the level of sustainability (Gomes & da 
Silva, 2005). With the flexibility for adaption, issues studied in developed countries 
are unlikely to be applicable or even relevant to developing countries (Cohen, 2006). 
Early involvement and cooperation among stakeholders are very important to 
improve sustainability in IBS construction. Each stakeholder’s consideration for 
sustainability should be integrated in the early stages. However, little concern has 
been given to improving sustainability in this stage, especially when the designer 
prepares the drawings and specifications (Ding, 2008). Most of the available 
assessment guidelines and tools are only used after the design of the project is about 
to be completed (Soebarto & Williamson, 2001). Cooperation among IBS 
stakeholders is also lacking and IBS manufactures are currently only involved when 
the design has been completed (Hamid, et al., 2008). Consequently, the design has to 
be redone, which involves additional cost. 
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Blismas et al. (2006) stated that most of the assessment tools for IBS focus on 
economic issues and often disregard other soft issues, which are perceived as 
insignificant, such as life cycle, health and safety, and the effects on energy 
consumption. Therefore, there is a need to establish holistic criteria in IBS selection 
by considering sustainability characteristics in improving IBS implementation. This 
research tries to integrate IBS implementation with the four main pillars of 
sustainable development – economy, social, environment, and institutional. 
2.7 POTENTIAL FACTORS ENHANCING SUSTAINABLE 
DELIVERABLES IN IBS  
This research is motivated to develop guidelines for decision making in 
sustainable IBS construction by identifying and integrating crucial performance 
factors that unlock the available opportunities. The responses from the key 
stakeholders are considered from the early stage to ensure the sustainability 
deliveries of the buildings.  In order to obtain holistic views on important aspects of 
sustainability deliverables in building projects, a comprehensive review of related 
studies reported in top ranked construction journals between 2001 and 2011 were 
conducted. The factors are categorised based on the previous literature review to 
support the four main pillars of sustainability. The categories are economic value, 
ecological performance, social equity and culture, technical quality and 
implementation and enforcement. The findings are summarised in Table 2-5.  
Table 2-5: A summary of potential factors that enhance sustainable deliverables in IBS construction 
No. Sustainability Factors References Sources 
Economic Value 
1 Construction time Jaillon and Poon (2008) 
Construction Management and 
Economics 
2 Lead-times Chen et al. (2010b) Automation in Construction 
3 Maintenance and operation costs Nelms et al. (2007) 
Building Research & 
Information 
4 Disposal costs Chen et al. (2010b) Automation in Construction 
5 Life cycle costs Soetanto et al. (2004) Engineering, Construction and Architectural Management 
6 Initial construction costs Tam et al. (2007) Building and Environment 
7 Material costs Blismas and Wakefield (2007) 
Construction Innovation Special 
Edition 2008 
8 Labour cost Blismas and Wakefield (2007) 
Construction Innovation Special 
Edition 2008 
9 Speed of return on investment Chen et al. (2010b) Automation in Construction 
10 Production Abd Hamid and Mohamad Kamar 
Construction Innovation: 
Information, Process, 
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No. Sustainability Factors References Sources 
(2011) Management 
11 Design stage adoption Song et al. (2005) Journal of Construction Engineering and Management 
 Ecological Performance 12 Pollution generation Chen et al. (2010b) Automation in Construction 
13 Environment administration Ian et al. (2008) 
Corporate Social Responsibility 
and Environmental 
Management 
14 Ecology preservation Soetanto et al. (2004) Engineering, Construction and Architectural Management 
15 Water consumption Chen et al. (2010b) Automation in Construction 
16 Energy consumption in design and construction Chen et al. (2010b) Automation in Construction 
17 Embodied energy Ian et al. (2008) 
Corporate Social Responsibility 
and Environmental 
Management 
18 Operational energy Chen et al. (2010b) Automation in Construction 
19 Recyclable / renewable contents Chen et al. (2010b) Automation in Construction 
20 Reusable / recyclable elements Song et al. (2005) 
Journal of Construction 
Engineering and Management 
21 Land Use Shen et al. (2007) Journal of Civil Engineering and Management 
22 Material consumption Jaillon and Poon (2008) 
Construction Management and 
Economics 
23 Health of occupants (indoor air quality) Chen et al. (2010b) Automation in Construction 
24 Waste generation Jaillon and Poon (2008) 
Construction Management and 
Economics 
25 Waste disposal Soetanto et al. (2004) Engineering, Construction and Architectural Management 
26 Site disruption Chen et al. (2010b) Automation in Construction 
27 Transportation and lifting Song et al. (2005) Journal of Construction Engineering and Management 
Social Equity & Culture 
28 Workers’ health and safety Chen et al. (2010b) Automation in Construction 
29 Knowledge and skills 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: 
Information, Process, 
Management 
30 Principles and values Ian et al. (2008) 
Corporate Social Responsibility 
and Environmental 
Management 
31 Influence on job market Chen et al. (2010b) Automation in Construction 
32 Local Economy Song et al. (2005) Journal of Construction Engineering and Management 
33 Participation and control Nelms et al. (2007) Building Research & Information 
34 Labour availability Chen et al. (2010b) Automation in Construction 
35 Community disturbance Nelms et al. (2007) Building Research & Information 
36 Traffic congestion Chen et al. (2010b) Automation in Construction 
37 Site attributes Song et al. (2005) Journal of Construction Engineering and Management 
38 Working conditions Song et al. (2005) Journal of Construction 
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No. Sustainability Factors References Sources 
Engineering and Management 
39 Aesthetic options Tam et al. (2007) Building and Environment 
40 Physical space Chen et al. (2010b) Automation in Construction 
41 Disaster preparedness Kim et al. (2009) Automation in Construction 
42 Public participation Ian et al. (2008) 
Corporate Social Responsibility 
and Environmental 
Management 
43 Inclusive environment Shen et al. (2007) Journal of Civil Engineering and Management 
Technical Quality 
44 Durability Chen et al. (2010b) Automation in Construction 
45 Defects and damages Chen et al. (2010b) Automation in Construction 
46 Loading capacity Soetanto et al. (2004) Engineering, Construction and Architectural Management 
47 Integration of building services Chen et al. (2010b) Automation in Construction 
48 Integration of supply chains 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: 
Information, Process, 
Management 
49 Constructability Chen et al. (2010b) Automation in Construction 
50 Usage efficiency Soetanto et al. (2004) Engineering, Construction and Architectural Management 
51 Adaptability and flexibility Gibb and Isack (2001) 
Engineering Construction and 
Architectural Management 
52 Technology Blismas and Wakefield (2007) 
Construction Innovation Special 
Edition 2008 
Implementation and Enforcement 
53 Standardisation Gibb and Isack (2001) 
Engineering Construction and 
Architectural Management 
54 Governance 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: 
Information, Process, 
Management 
55 Legislation Song et al. (2005) Journal of Construction Engineering and Management 
56 Policy and strategy match Tam et al. (2007) Building and Environment 
57 Public awareness 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: 
Information, Process, 
Management 
58 Building capacity Johnson et al. (2004) Evaluation and Program Planning 
59 
Design standard and 
project function Song et al. (2005) 
Journal of Construction 
Engineering and Management 
60 Project control guidelines 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: 
Information, Process, 
Management 
61 
Integrated environmental 
and economic program Song et al. (2005) 
Journal of Construction 
Engineering and Management 
62 Procurement system 
Blismas and 
Wakefield (2007) 
Construction Innovation Special 
Edition 2008 
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2.8 SUMMARY 
The importance of the sustainability and IBS construction in developing 
countries, especially Malaysia requires new initiatives to embed sustainable 
principles in IBS implementation. The literature review suggests there is a lack of 
research to assist designers to determine sustainability elements in IBS 
implementation. In order to provide efficient guidelines or decision tools to assist 
designers, crucial factors that enhance sustainability in IBS construction should be 
determined. This research contributes to providing a better understanding of 
sustainability in IBS construction and development. The potential of IBS to enhance 
sustainability will be determined to improve designer decisions at the project level. 
Stakeholders will benefit from the optimisation of teamwork in the early stage. 
Consequently, it increases competitiveness in the construction market, profitability 
and future business opportunities. 
The investigation on the sustainability factors as shown in Table 2.5 have 
achieved one of the sub-objectives from the first objective, which to identify the 
potential sustainability factors in IBS implementation. These assisting in the further 
investigation which is the questionnaire survey to answer several questions as listed 
below. 
• What are the perceptions and expectations of various stakeholders on these 
potential sustainability factors? 
• What are the critical factors that are significant in improving sustainability 
efforts for IBS implementation? 
• How to integrate the expectations of the various stakeholders that are able 
to enhance sustainability potential in IBS implementation? 
These questions influence the identification of the critical sustainability factors 
in IBS implementation for this research. They helped shape the questionnaire survey 
structure and contents which covered in next section. 
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Chapter 3: Research Design 
3.1 INTRODUCTION 
This chapter provides the research design and methodology adopted in the 
present study. The methodology was designed according to the aim and objectives of 
the study to answer the research questions stated in Section 1.3 and 1.4. Most of the 
studies in construction management adopt social science research strategy. 
According to Cavana et al. (2001), research is determined by the method used and it 
is basically categorised as either quantitative or qualitative research. However, 
Dainty (2008) discovered that multi-strategy or ‘multimethodology’ research design 
creates a better understanding of the complex network of relationships that shapes 
the industry practice. Therefore, this research project utilised a combination of 
quantitative and qualitative research methodologies. The quantitative method was 
used to achieve the first and second research objectives. Next, the details of the 
guidelines (the third research objective) were explored in depth by using qualitative 
method. Regarding data collection, two methods namely questionnaire survey and 
interview were employed. The obtained data were analysed by statistical software 
Predictive Analytics Software (PASW) Statistics 18 and QSR NVivo version 9 for 
Microsoft Windows. The result was expected to lead to the development of 
appropriate guidelines for decision making in IBS construction. To ensure its 
applicability and practicality, the guidelines developed then validated and further 
improved through three selected case studies. 
Having establish the research objectives, this chapter presents the process 
involved starting with explanation about the philosophical foundation that 
underpinned the selection of the research methodology. Then, this chapter outlines 
the research design and explains the reason for the selection of questionnaire survey 
and interview as the research tools used in this research. Furthermore, the research 
development processes involved are discussed before the summary wraps up all 
discussions in this chapter. 
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3.2 UNDERSTANDING THE PHILOSOPHY OF RESEARCH 
Research can be defined as an investigation or process, with an open mind, to 
find things out with a systematic way of data collections and proper interpretation to 
increase knowledge (Saunders et al., 2009). The research must have a clear purpose 
in answering research questions based on logical relationships and not just on belief. 
The process normally involves describing, explaining, understanding, criticising, and 
analysing. Fellows and Liu (2008) considered research as a “voyage of discovery” 
whereas investigation may lend further support for extant theory even if no new 
knowledge is apparent. Research is also a learning process and it involves contextual 
factors that may influence the results by analysing the recorded data.   
According to Neuman (2011), there are oversimplified seven steps involved in 
the research process namely; 1) Choosing the topic, 2) Focusing on the research 
question, 3) Designing the study, 4) Collecting the data, 5) Analysing the data, 6) 
Interpreting the data, and 7) Informing the data. The process is not strictly linear but 
more on an interactive process in which steps blend to each other. It is important to 
know the objectives and aims of the research, which will stimulate new thinking and 
approach to answer the research questions. In this research, these simplified steps 
were identified suitable to be adopted as present in Figure 3-1. 
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Figure 3-1: Research Process 
3.2.1 Paradigm of Research 
Fellows and Liu (2008) symbolised a paradigm of research as a theoretical 
framework lens. The lens represents the perspectives or worldviews about the 
general orientation in determining the world and nature of the research held by the 
researcher (Creswell, 2009). It is vital to determine what views to be adopted and 
also what appropriate approach to be used in questioning and discovering the topic 
identified (Fellows & Liu, 2008). A research paradigm should be formed as the 
cluster of beliefs and perspectives a researcher should hold within a scientific 
discipline. It will influence the researcher on what to study, how it should be done, 
and which methods to employ (Bryman, 2004). Creswell (2009) added that the 
guiding principle for developing any research plan is that it must completely address 
the research questions. Thus, Saunders et al. (2009) stated that the valid reasons are 
mandatory for all research design decisions. The justifications should always be 
based on the research question and objectives as well as being consistent with 
research philosophy. Therefore, it is always necessary to refer the research questions 
and objectives regularly.  
Creswell (2009) stated that the philosophical positions need to be understood 
before deciding whether to follow quantitative, qualitative, or mixed method. He 
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explained the interconnection between the philosophy, strategies of inquiry, and 
research methods as shown in Figure 3-2. 
 
Figure 3-2: A Framework of Design – The Interconnection of Worldviews, Strategies of Inquiry, and 
Research Methods 
Postpositivism, constructivism, advocacy, and pragmatism are the four 
knowledge claims or philosophical positions available to identify the best method for 
the research. To identify which method is suitable to be used in conducting the 
research, the elements of these philosophical positions need to be identified. Figure 
3-3 presents the major elements of these philosophical positions. 
Philosophical Worldviews 
Postpositive 
Social Construction 
Advocacy/participatory 
Pragmatic 
Selected Strategies of Inquiry 
Qualitative strategies 
Quantitative strategies 
Mixed methods strategies 
Research Designs 
Qualitative 
Quantitative 
Mixed methods 
 
Research Methods 
Questions 
Data collection 
Data analysis 
Interpretation 
Write-up 
Validation 
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Figure 3-3: Philosophical Positions (Creswell, 2009) 
Postpositivism or also known as positivism is the approach of natural sciences 
(Neuman, 2011). It is also known as traditional form of research paradigm that 
recognises only non-metaphysical facts and observable phenomena (Fellows & Liu, 
2008). This approach is closely related to rationalism, empiricism, and objectivity. 
The observation and measurement prefer precise quantitative data and often use 
experiments, surveys, and statistical analysis. Neuman (2011) defined positivist 
social science as “an organised method for combining deductive logic with precise 
empirical observations of individual behaviour in order to discover and confirm a set 
of probabilistic causal laws that can be used to predict general patterns of human 
activity”.  
Constructivism or also known as interpretive paradigm develops subjective 
meaning based on individual experiences and not from the objective and observation 
from researcher (Creswell, 2009). The results from the real world have various and 
multiple meanings. This situation provides opportunities to the researcher to 
Knowledge Claim 
Positions 
Pospositivism 
Determination 
Reductionism 
Empirical 
observation and 
measurement 
Theory verification 
Constructivism 
Understanding 
Multiple participant 
meanings 
Social and historical 
construction 
Theory generation 
Advocacy / 
Participatory 
Political 
Empowerment 
issue-oriented 
Collaborative 
Change-oriented 
Pragmatism 
Consequences of 
actions 
Problem-centered 
Pluralistic 
Real-world practice 
oriented 
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investigate on the complexity of views and not to narrow meanings into a few 
categories or ideas. Neuman (2011) defined constructivism as “the systematic 
analysis of socially meaningful action through meaningful action through the direct 
detailed observation of people in natural settings in order to arrive at understandings 
and interpretations of how people create and maintain social worlds”. 
Advocacy or participatory paradigm holds that research needs to be intertwined 
with politics and a political agenda because constructivism paradigm is not sufficient 
to  advocate for an action agenda in helping marginalised peoples (Creswell, 2009). 
This approach focuses on the needs of groups and individuals in society that may be 
marginalised or disenfranchised. The method normally used for this type of approach 
in achieving the research objectives is qualitative method. 
Pragmatism, which is contrary to postpositivism, uses mixed methods to solve 
the research problems arising from actions, situations, and consequences (Creswell, 
2009). The focus of this approach is not the theory, but the research problems. 
Therefore, it is not committed to any one system of philosophy and reality. This 
approach is normally used in the real world practice or industry in formulating 
solutions for their problems by using many approaches or tools with objectives. 
Different assumptions and different philosophy will be used to get the most effective 
results in solving the problems.  
According to the detailed research problems and objectives (Section 1.3 and 
1.4), the research aims to identify the critical factors in improving sustainability in 
IBS application and then to develop guidelines for decision making. From the four 
approaches described, pragmatism is the most applicable approach to this study 
because the focus is on the problem and on deriving knowledge about the problem in 
order to establish a solution. A mixture of quantitative and qualitative methods was 
used to analyse the primary and secondary data. In this research, the analysis was 
conducted separately. The quantitative analysis was started soon after the 
questionnaire surveys were answered. Then, a qualitative analysis was conducted by 
using interviews as the major tool to validate the framework obtained based on the 
quantitative analysis. The output was then used to establish decision making models 
for sustainable IBS construction. Finally, based on the research results, effective 
guidelines were produced to assist designers in determining the benefits and 
limitations of IBS and to make the best use of this innovative system in leading to 
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more sustainable construction. The details of the research method used will be 
explained in the next section. 
3.3 RESEACH DESIGN 
Bryman and Bell (2003) stated that research design provides a framework for 
undertaking a research. They explained that the research design describes how the 
data will be collected and analysed in order to answer the research question. The 
decision in determining the appropriate research strategies is fundamental to both the 
concept of research together with the contribution of the research. The research 
design is a general plan to answer the research questions (Saunders, et al., 2009) and 
is required to achieve the objective with the most appropriate and feasible methods.  
The critical consideration in determining the most appropriate methods to be 
adopted is the logics and relationship that link the data collection analysis in order to 
answer the research questions and to achieve the research objectives (Fellows & Liu, 
2008). Types of approaches are different as the problems in qualitative, quantitative, 
and mixed method studies are not similar. Moreover, methodology is applied to 
consider either referring to the principal paradigms of an approach to the research 
problem (qualitative and quantitative approach) or as operational research techniques 
(Delphi approach, questionnaire-based survey, case study, and interview). Therefore, 
the appropriate approach and techniques are required to ensure that the research 
objectives can be achieved. 
Moreover, quantitative approaches involve making measurements to collect 
and analyse data in numeric form (Fellows & Liu, 2008). The problem of 
quantitative projects could be addressed by understanding the factors or variables 
influencing an outcome. A quantitative approach uses postpositivism to develop 
knowledge, to employ strategies of inquiry or instance experiments and surveys, and 
to collect data on predetermined instruments that employ statistical data (Creswell, 
2009).  
On the other hand, qualitative approach is based on constructivist perspectives. 
The data involved in data analysis are in non-numeric form. Fellows and Liu (2008) 
highlighted that this approach is the opposite of quantitative approach as it uses 
strategies of inquiry such as narratives, phenomenologist, ethnographers, grounded 
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theory studies, or case studies. The selection of strategy is according to the research 
question that is addressed in achieving the research objectives. 
Alternatively, a mixed method approach is used based on knowledge claims on 
pragmatic grounds as shown in Figure 3-3. This approach incorporates strategies of 
inquiry that involve collecting data either simultaneously or sequentially (Creswell, 
2009), and creates a better understanding of research problems. The data collection 
for this method involves gathering both numeric information and text information. 
Thus, the final result represents both quantitative and qualitative information. Table 
3-1 summarises the distinctions in selection between quantitative, qualitative, and 
mixed methods. 
Table 3-1: Quantitative, qualitative and mixed methods approaches (Creswell, 2009) 
Tend  to or 
Typically 
Qualitative 
Approaches 
Quantitative 
Approaches 
Mixed Methods 
Approaches 
• Use these 
philosophical 
assumptions 
• Employ these 
strategies of 
inquiry 
• Constructivist / 
Advocacy / 
Participatory 
knowledge 
claims 
• Phenomenology, 
grounded theory, 
ethnography, 
case study, and 
narrative 
• Postpositivist 
knowledge 
claims 
• Surveys and 
experiments 
• Pragmatic 
knowledge 
claims 
• Sequential, 
concurrent and 
transformative 
 
• Employ these 
methods 
• Open-ended 
questions, 
emerging 
approaches, text 
or image data 
• Closed-ended 
questions, 
predetermined 
approaches, 
numeric data 
• Both open- and 
closed-ended 
questions, both 
emerging and 
predetermined 
approaches, and 
both quantitative 
and qualitative 
data and analysis 
• Use these 
practices of 
research, as 
the researcher 
• Positions himself 
or herself 
• Collects 
participant 
meanings 
• Focuses on a 
single concept or 
phenomenon 
• Brings personal 
values into the 
study 
• Studies the 
context or 
setting of 
• Tests or verifies 
theories or 
explanations 
• Identifies 
variables to 
study 
• Relates 
variables in 
questions or 
hypotheses 
• Uses standards 
of validity and 
reliability 
• Observes and 
• Collects both 
quantitative and 
qualitative data 
• Develops a 
rationale for 
mixing 
• Integrates the 
data at different 
stages of inquiry 
• Presents visual 
pictures of the 
procedures in the 
study 
• Employs the 
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Tend  to or 
Typically 
Qualitative 
Approaches 
Quantitative 
Approaches 
Mixed Methods 
Approaches 
participants 
• Validates the 
accuracy of 
findings 
• Makes 
interpretations of 
the data 
• Creates an 
agenda for 
changes or 
reform 
• Collaborates 
with the 
participants 
measures 
information 
numerically 
• Uses unbiased 
approaches 
• Employs 
statistical 
procedures 
practices of both 
qualitative and 
quantitative 
research 
The type of research used in this study was explanatory. This research 
determined the current situation and sought new insight from different perspectives. 
In this research, consensus among the key stakeholders was vital to ensure 
sustainable factors from different perspectives were being considered. The related 
variables were identified and hypotheses were generated for future research (Fellows 
& Liu, 2008).  
3.3.1 Selection of Research Methods 
According to Fellows and Liu (2008), research methodology refers to the 
principles and procedures of logical thought processes that are applied in a scientific 
investigation. Techniques that are suitable to be employed such as data collection, 
analysis or experiment tools need to be selected. In this research, several research 
methods were involved in helping the researcher to review the current situation, to 
understand the environment, and to formulate solution in responding to the research 
problems. It is important to integrate sustainability elements in the IBS application 
by considering all stakeholders involved in the industry to develop unified 
understanding. 
This explanatory study employed a mixed method approach as discussed 
earlier to answer the research questions. The mixed method approach consists of both 
quantitative and qualitative analyses. The methods chosen must be matched with the 
research question and executed according to the timeframe given. In this research, a 
combination of both forms of data, which are quantitative and qualitative data, 
provided the most complete analysis of the research problems identified in the initial 
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stage (Creswell & Plano Clark, 2011). Solving the research problems will lead to 
answering the research questions. The proper and complete analysis was crucial in 
order to develop guidelines in decision making for sustainable IBS implementation. 
Questionnaire was identified as appropriate tool because this type of research 
involves a large number of respondents. Other than questionnaire, interview was 
conducted to get the input and response from the experienced and expert respondents 
to enhance the understanding for solving the research problems. The research 
methodology was organised and set up to have a smooth flow and to connect each 
process involved in answering the research questions.  
According to Creswell (2003), the sequential explanatory design normally 
involves mixing both quantitative and qualitative data. The interpretation of the 
entire analysis is presented as an integration of the two types of data. The research 
sequential strategies used in this study as shown in Figure 3-4 were suggested by 
Creswell and Plano Clark (2011): 
 
 
Figure 3-4:  The Explanatory Sequential Design 
Adapted from:  (Creswell & Plano Clark, 2011) 
Creswell and Plano Clark (2011) stated that the explanatory sequential design 
starts with the collection and analysis of quantitative data, which have the priority to 
identify the critical factors in this study, and followed by the subsequent collection 
and analysis of qualitative data. In this study, the qualitative results helped to explain 
the initial quantitative results. The quantitative data were collected and analysed to 
identify the level of significance of each potential factor in improving sustainability 
for IBS application. The critical factors were identified by using statistical test. Then, 
the qualitative interviews were conducted to further explain the details of each 
critical factor and to formulate the action plans.  
The guidelines were developed based on in-depth investigation on each issue 
using semi-structure interviews. In responding to the negative and positive contexts, 
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the strategies on improving sustainability were properly investigated. For a validation 
and verification process, a case study was employed to show the full set of 
procedures, actions and activities that address each issue highlighted in improving 
IBS sustainability. Table 3-2 shown a summary of the selection methods in this 
research. 
Table 3-2: Summary of the Selection Methods 
Research 
Method Key Features Objectives 
Questionnaire 
Survey 
• Allow a large population of 
respondents. 
• Allow large numbers of 
variables to be analysed 
quantitatively. 
• Not restricted in the physical 
locations of the respondents. 
• Investigating the significant levels 
of 62 potential sustainability 
factors for IBS application. 
• Getting a consensus among 
different types of key stakeholders 
in determining critical 
sustainability factors. 
• Analysis statistically the 
participants’ respond. 
Semi-
Structured 
Interview 
• Allow the researcher 
investigate directly on the 
identified potential factors. 
• Allow discussion on 
formulating effective strategies 
in improving sustainability. 
Exploring the “How to...” 
solution. 
• Allow researcher to seek and 
validate the relationship 
between identified factors 
• Validating the interrelationship 
framework developed based on 
statistical investigation. 
• Developing the guidelines for 
decision-making in improving 
sustainability. 
• Getting in-depth industry opinions 
in responding to each critical 
factor. 
Case Study 
• Allow researcher investigate on 
the implementation of the 
frameworks and guidelines 
developed. 
• Show the full set of procedures, 
actions and activities involved 
in addressing sustainability 
potential for each critical 
factor. 
• Investigating on how the 
guidelines formulated were used in 
addressing IBS sustainability. 
• Exploring the process, procedures 
and activities involved in decision-
making. 
• Evaluate the practicality and 
effectiveness of the guidelines 
formulated. 
3.3.2 Research Plan 
Based on discussion in the previous section, a plan for this research project was 
developed as shown in Figure 3-5. The research methodology of this study consisted 
of four main phases. The phases began with an intensive literature review, data 
collection, analysis, and finally discussion of the results. The data collection and 
analysis are separated into sections; data collection 1 and data analysis 1, and data 
collection 2 and data analysis 2. The main approach proposed for data collection 1 
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was questionnaire while interview was used for data collection 2. The results from 
analysis 1 and 2 led to the SWOT analysis and development of guidelines 
formulation. Before the final decision-making guidelines were finalised, the caste 
study was taken place to validate and verify the guidelines. These guidelines were 
further improved and the conclusions and recommendations for further studies on 
this research were provided. Figure 3-5 provides a simplified structure of the 
research plan. 
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   Literature Review 
• Industrialised Building System (IBS) 
• Sustainable construction 
• Available tools 
 
 
Sustainable IBS Construction 
Elements 
• Identify critical elements 
• Evaluate existing guidelines and tools 
 
Identify Research Problem 
 
Devise Methodological Approach 
 
Establish Research Objectives 
 
Pilot Study 
• Questionnaire clarity 
• Questionnaire comprehensiveness 
• Questionnaire acceptability  
Survey 
• Structured questionnaire 
• Identify crucial elements 
 
Framework for Decision Making in Sustainable IBS 
• Develop the sustainable framework 
 
 
Semi Structured Interviews 
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Figure 3-5: Research Plan 
Verify and Validate Through Case Studies 
• Validate the guideline model for sustainable IBS 
• Evaluate the guideline  
 
Final Guidelines, Conclusions, 
Recommendations and Further studies 
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3.4 RESEARCH DEVELOPMENT 
3.4.1 Literature Review 
The first stage of this research is an extensive literature review based on 
sustainability and IBS. The objective of this stage is to enrich the knowledge of the 
researcher with the background of the research project and to provide context ideas. 
According to McMurray et al. (2004), the purpose of a literature review is to increase 
the researcher’s knowledge of the problem, which demonstrates that the researcher is 
conversant with the latest relevant research projects. Literature review also highlights 
the gaps in the existing bodies of knowledge and theory. Cavana et al. (2001) added 
that literature reviews ensure that important variables are not ignored. Those 
variables have probably an impact to the research problem based on past research.  
Therefore, an intensive review of the related literatures was conducted in order 
to achieve the first two research objectives as highlighted in previous chapter. The 
sources were books, journals, conference proceedings papers, theses, government 
regulations, newspaper articles, and magazine articles. The literature review 
identified the frameworks of this research, and the key elements were: 
• Industrialised Building System (IBS) 
• Sustainability Issues in IBS 
• Implementation in IBS 
• Development of Decision Support Tools 
In addition, the meaning and concept of sustainability is indentified by 
considering the potential of IBS in enhancing and unlocking sustainability 
opportunities. The relationships between sustainability and the basic concept of IBS 
implementation were reviewed. The problems of the research were identified and the 
need for the research was clarified. 
Available decision making tools used such as Pre-fabrication, Pre-assembly, 
Modularisation, and Off-Site Fabrication (PPMOF), Interactive Method for 
Measuring PRE-assembly, Standardisation benefit in construction (IMMPREST), 
and Prefabrication Strategy Selection Method (PSSM) were referred as a benchmark 
in order to improvise the sustainable decision making guideline suited to IBS 
construction in Malaysia (Blismas, et al., 2006; Luo, et al., 2008; Pasquire, et al., 
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2004; Song, et al., 2005). The factors and criteria were listed and analysed according 
to suitability in IBS construction. 
The integration and comparison were made with sustainable development tools 
such as Leadership in Energy and Development (LEED), BRE Environment 
Assessment Tool (BREEAM), and Green Star Assessment System (Green Star). In 
addition, research paper, articles, and tolls related to IBS and sustainability such as 
Agenda 21, Green Building Index (GBI), IBS Score, and existing sustainable 
performance criteria developed were reviewed and analysed. 
Furthermore, all publications including academics and non-academics, 
newspapers and commercial online databases were reviewed in order to strengthen 
and reinforce the basis of theoretical establishment of this research. 
The first objective was achieved by using this methodology. A further 
understanding about the development of IBS and construction sustainability would 
assist the researcher to identify the advantages of implementing IBS construction and 
how this method could possibly enhance sustainable construction. Furthermore, the 
disadvantages of this system were also discussed. The barriers in IBS 
implementation were identified, leading to formulating the correlation between 
sustainability and IBS construction.   
3.4.2 Questionnaire Survey 
The main purpose of the questionnaire is to identify the sustainability attributes 
in IBS, which are the primary concern of key stakeholders in making decision on the 
IBS construction. This survey involved clients/developers, contractors, consultants, 
manufacturers, and local authorities. The survey was used because there was a lack 
of consensus among the target respondents regarding the perceptions and 
expectations of achieving sustainability and the criteria used to assess sustainability. 
Due to such differences, the priority and objectives in sustainable IBS 
implementation varied accordingly. The questionnaire survey provided a good 
measure to develop a consensus from the large amount of data and various 
respondents.  
Questionnaire survey was used to accomplish the research objective 1 and 2 
and to provide data for the objective 3. According to Fellows & Liu (2008), there are 
choices available for conducting the field work. This method can be categorised into 
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three types, which are questionnaire, case study, and interview. Those three types are 
differentiated with a broad to shallow study, and a narrow and deep study at the 
other, or at intermediate. This is briefly explained in Figure 3-6. In this study, 
questionnaire and interview were implemented to achieve the identified objectives. 
 
 
 
  
 
 
 
 
 
Figure 3-6: Breadth vs. depth is ‘question-based’ studies 
Adopted from: (Fellows & Liu, 2008) 
Before the questionnaire survey was conducted, a pilot study was undertaken to 
produce a precise survey format that was usable and could depict the expected data. 
This early stage was important to identify and consider relevant issues possibly 
related to the research (Rea & Parker, 2005). Fellows and Liu (2008) agreed that all 
questionnaires should initially be piloted using a small sample of respondents. This 
strategy would ensure questionnaire clarity, comprehensiveness, and acceptability.  
The pilot study was conducted within the potential key respondents to help 
validate and test the capability and consistency of the questions. The questionnaire 
expressed similar understanding and consensus by different types of respondent 
groups. Simultaneously, face-to-face questionnaire was conducted with 10 
respondents, who were all experts in sustainability and IBS. This process would help 
to identify suitability of the questions and to select the types of measurements prior 
to the main study. 
Then, the structured questionnaire survey was conducted before critical 
sustainable IBS construction elements were determined. Figure 3-7 describes the 
principles of questionnaire design that have three (3) major components: 1) the 
principle of wording, 2) principles of measurement, and 3) general appearance. 
These components affected the efficiency of the design questionnaire. The survey 
Breadth of study 
Depth 
of 
study 
(a) 
(b) 
(c) 
(a) Questionnaire 
(b) Interview 
(c) Case study 
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questionnaire assisted in achieving the second research objective. The dataset would 
further be improved by the use of an interview. 
 
Figure 3-7: Principles of questionnaire design  (Cavana, et al., 2001) 
According to Naom (2008), questionnaire survey is suitable when a large 
amount of data needs to be collected to investigates respondents’ view and 
experiences on a particular phenomenon. Moreover, the time available for data 
collection was limited. Considering the time allocated for this research, this method 
was adopted for this research.  
Sampling is important in questionnaire survey because it is rarely possible to 
examine an entire population, which is largely due to the resources restriction in 
most studies. The objective of sampling is to provide a practical means of enabling 
the data collection and processing components of research to be conducted while 
ensuring that the sample provides a good representation of the population (Fellows & 
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Liu, 2008). For the purpose of this research, the sample population for the main study 
was drawn from companies registered with CIDB. Under Act 520: Part IV, every 
company must register with CIDB in order to carry out and complete any 
construction work in Malaysia. The respondents were shortlisted from a company 
that has experience in IBS implementation.  
The IBS Centre was set up in January 2007 as a One-Stop-Centre especially in 
assisting IBS-related issues involving Government’s projects. Based on data 
provided by this centre (2010), only 6 consultants were registered under IBS 
Consultant Listing Programme, 606 contractors were registered under IBS 
Contractor Programme, and 85 manufacturers were registered under IBS 
Manufacturer Registration Programme. These programmes were the early efforts 
from the Malaysian Government to provide a reference of supply chain database in 
executing both Government and private IBS projects. However, in this research, a 
survey was conducted in the open market that also included unregistered companies. 
The purpose of this strategy was to get a better response, to minimise the possibility 
of bias, and to holistically represent the perceptions in the industry. 
3.4.3 Interview 
The main purpose of the interview was to explore detailed information for each 
critical factor identified in the questionnaire survey. In order to build a consensus 
among the key stakeholders in IBS implementation, a group of respondents was 
identified. These respondents belonged to the seven groups based on their 
organisation type, which were same with the questionnaire in Section 0. The 
respondents were filtered based on their experiences in IBS and sustainability. 
Before the interview was conducted, invitation letter, consent form, research 
framework, and main questions were sent to the potential respondents to make sure 
they agreed to participate and to give them general ideas about the objectives of the 
interview. This was important to reduce interview time and to allow respondents to 
answer the questions more accurately. This method was to accomplish the research 
objective 3.   
According to Creswell (2009), the idea behind qualitative research is to 
purposefully select participants or sites (or documents or visual materials) that will 
best help the exploration in answering the research questions. In this research, the 
problem could also be understood more clearly since the process gave the 
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opportunities to the researcher to know the reasons and the ways to integrate 
sustainability in IBS application. This method does not necessarily suggest random 
sampling or selection of a large number of participants for the interview session. 
However, it is important to select the experienced people and experts in the industry 
so that the outcome could have valuable meaning. The types, advantages, and 
limitations of interviews are summarised in Table 3-3. 
Table 3-3: Interview data collection options, advantages and limitation 
Interview 
Collection types Advantages Limitation 
• Face-to-face – one-
on-one, in-person 
interview 
• Useful when 
participants cannot 
be directly 
observed 
• Provides indirect 
information filtered 
through the views of 
interviewees 
• Telephone-
researcher 
interviews by phone 
• Participants can 
provide historical 
information 
• Provides information in 
a designated place rather 
than the natural field 
setting 
• Focus group-
researcher 
interviews 
participants in a 
group 
• Allows researcher 
control over the 
line of questioning 
• Researcher’s presence 
may bias responses 
• E-mail internet 
interview  
• Not all people are 
equally articulate and 
perceptive 
There are many ways to conduct interviews depending on the suitability of the 
data needed. The interviews can be very formal and structured, or unstructured and 
not formal. Saunders et al. (2009) categorised interviews into three types as below: 
• Structured interview 
• Semi-structured interview 
• Unstructured or in-depth interview 
Structured interview uses a set of questions that has been identified before the 
interview is conducted in questionnaire format. According to Saunders et al. (2009), 
questionnaire is based on pre-determined and “standardised” or identical set of 
questions. The answer must be given according to pre-coded or standardised answer. 
The interview is conducted by the interviewer, which normally begin by explaining 
some introduction about the interview, the way the interview will be conducted, and 
the available options of the answer that can be selected by the respondents. This type 
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of interview is referred to as interviewer-administered questionnaire. This type of 
interview is much easier to be quantified compared to semi-structured interviews. 
Next, semi-structured interview provides more space to explore more details 
regarding the issue investigated during the interview. Unrelated or unnecessary 
answer can be avoided because the interviewee could guide the respondent should 
there be any misleading answer. This is done by asking additional questions that are 
more focused on the issue in study. Saunders et al. (2009) stated that, in semi-
structured interview, there is a list of themes and questions to be covered, but the 
process and the approach might be vary from different sessions. However, the 
questions should be in the same context to achieve the objectives of the interview. 
Neuman (2011) stated that during the interview, the interviewers will be actively 
working to improve accuracy on questions especially when the issue in study is 
complex if the respondent is found having difficulty to express his or her thoughts.  
Finally, unstructured interview is, unlike the other two earlier type of 
interview, informal and does not have any sets of questions prepared prior to the 
interview session. Saunders et al. (2009) named this type of interview as an “in-depth 
interview” as the interviewer is able to drive the interview from a general topic 
related to the study to a deeper topic that the interviewer is interested in. On the other 
hand, the interviewee is given the opportunity to respond freely in the conversation. 
This is called “non-directive” interview. In this research, this type of interview was 
however not suitable because there were 18 critical sustainability factors that had 
been identified in the questionnaire. If this type of interview was employed, longer 
time will be taken and the possible solutions for the research problems could not be 
found.  
For this research, the objective of the interview was to explore the 18 critical 
sustainability factors for IBS application deeper in formulating decision support 
guidelines. The most appropriate interview type was semi-structured interview 
because it allowed the interviewer to explore the critical factors identified deeper and 
to avoid the interviewees from giving unrelated comments and answers that were out 
of the interview context. In this research, the questions were formulated based on the 
framework developed. The flexibility of semi-structured interview gave more space 
to the interviewees to provide detailed information based on their capability. It also 
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allowed the researcher to guide and focus on achieving the research objectives. As a 
result, the interviewees could answer the questions in detail.  
The interview protocol suggested by Creswell (2009) was followed to ensure 
the interview process ran smoothly and to eliminate problems such as inconvenience 
to the interviewees, unclear questions, and unfriendly environment. The protocol 
includes the following components:  
• A heading (date, place, details of the interviewer, details of the 
interviewee) 
• Instructions for the interviewer to follow so that standard procedures were 
used throughout the interview session 
• The questions started with some ice-breaker questions followed by the 
actual list of questions and finally by a concluding statement or a short 
discussion to get other potential respondents who can contribute more 
information on the ongoing research such as their colleagues or people in 
the industry (snowball approach).  
• Probing for the main questions in order to ask the respondents to explain 
their ideas in more detail or to ask the respondents to elaborate on what 
they have said if necessary. 
• Space between the questions to record responses 
• A final thank-you statement to acknowledge the time spent by the 
interviewee for the interview 
3.4.4 Case Study 
The purposes of the case study are to test and validate the preliminary 
guidelines. The case study provide counter examples that invite modification of the 
grand generalisation (Adams et al., 2007). Three (3) projects were selected based on 
method of construction, type of building, total price and parties involved. According 
to Proverbs and Gameson (2008), the advantage of selecting two or more cases is 
being able to compare and contrast findings from one case to a similar or related 
case. This will affect the depth of the investigation and validate the research findings. 
In addition, Adams et al. (2007) stated that case study is the most appropriate method 
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to identify the best practice in delivering sustainability IBS.  This method is also the 
systematic way to compare different projects or companies involved. 
The multiple cases studied were chosen to ensure the results will always be 
more compelling in order to support the data collaboratively (Proverbs & Gameson, 
2008). Therefore, the integration of information of data from these three case studies 
will represent the actual situation and help to get more precisely results. In this 
research, three construction project involving IBS construction will be selected to 
achieve the aim and objectives of the study.   
Yin (2003b) states that there are three principles to achieve high quality case 
study: 
• Using multiple, not just single, sources of evidence; 
• Creating a case study database; and 
• Maintaining a chain of evidence. 
He identified six major sources of evidence including documentation, archival 
records, interviews, direct observations, participant-observation, and physical 
artefacts. Semi-structured interviews and documentation review are employed in this 
study. The purposes of these evidences are discussed below. 
The first evidence that will be used is semi-structured interview, in which a 
respondent is interviewed for a short period of time. The questions are derived from 
the case study protocol and respondents will be selected according to their 
responsibility in the involved project (Yin, 2003b). According to Saunders et al. 
(2009), semi-structure interviews provided an opportunity for researchers to 
understand the meanings that participants ascribe to various phenomena regarding 
the study. This will allow the relationship between variables described explicitly. The 
interviewees will explain, or build on their responses about sustainability IBS 
construction. This scenario will add significance and depth to the obtained data. 
Therefore, interviews are important to ensure a rich and detailed set of data assisting 
the development of the design framework. 
The second evidence that will be used in the case study is documentation 
review. Letters, memoranda, written report and administrative documents are 
examples of documents that will be reviewed in this study. The importance of 
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documents is to corroborate and augment evidence from different sources (Yin, 
2003b). The advantages of documents are explicit revealing of the exact information 
and broad coverage. The information could be reviewed regularly and any 
information required could be referred to responsible officers. To summarise, Table 
3-3 shows the collection types, options, advantages, and limitations provided by 
Creswell (2003). 
Table 3-3 Qualitative Data Collection Types, Options, Advantages and Limitations (Creswell, 2003) 
Data Collection 
Types Options Within Types 
Advantages of the 
Type 
Limitations of the 
Type 
Observations • Complete 
participant: 
researcher conceals 
role 
• Observer as 
participant: role of 
researcher is 
known 
• Participant as 
observer: 
observation role 
secondary to 
participant role 
• Complete observer: 
researcher observes 
without 
participating 
 
• Researcher has a 
firsthand 
experience with 
participants 
• Researcher can 
record information 
as it is revealed 
• Unusual aspects 
can be noticed 
during observation 
• Useful in exploring 
topics that may be 
uncomfortable for 
participants to 
discuss 
 
• Researcher may be 
seen as intrusive 
• “Private” 
information may 
be observed that 
the researcher 
cannot report 
• Researcher may 
not have good 
attending and 
observing skills 
• Certain 
participants (e.g 
children) may 
present special 
problems in 
gaining rapport 
Interviews • Face-to-face: in 
person, single 
interviews 
• Telephone: 
researcher 
interviews by 
phone 
• Group: researcher 
interviews 
participants in a 
group 
• Useful when 
participants cannot 
be observed 
directly 
• Participants can 
provide historical 
information 
• Allows researcher 
to “control” the 
line of questioning 
 
• Provides 
“indirect” 
information 
filtered through 
the views of 
interviewees 
• Provides 
information in a 
designated “place” 
rather than the 
natural filed 
setting 
• Researcher’s 
presence may bias 
responses 
• People are not 
equally articulate 
and perceptive 
 
Documents • Public documents 
such as minutes of 
meetings, and 
• Enables a 
researcher to 
obtain the language 
• May be protected 
information 
unavailable for 
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Data Collection 
Types Options Within Types 
Advantages of the 
Type 
Limitations of the 
Type 
newspapers 
• Private documents 
such as journals, 
diaries, and letters 
• E-mail discussions 
 
and words of 
participants 
• Can be accessed at 
a time convenient 
to the researcher - 
an unobtrusive 
source of 
information 
• Represents data 
that are thoughtful, 
in that participants 
have given 
attention to 
compiling 
• As written 
evidence, it saves a 
researcher the time 
and expense of 
transcribing 
 
public or private 
access 
• Requires the 
researcher to 
search for 
information in 
hard-to-find places 
• Requires 
transcribing or 
optical scanning 
for computer entry 
• Materials may be 
incomplete 
• The documents 
may not be 
authentic or 
accurate 
 
Audiovisual 
materials 
• Photographs 
• Videotapes 
• Art objects 
• Computer software 
• Film 
 
• May be an 
unobtrusive 
method of 
collecting data 
• Provides an 
opportunity for 
participants to 
directly share their 
“reality” 
• Creative in that it 
captures attention 
visually 
• May be difficult to 
interpret 
• May not be 
accessible publicly 
or privately 
• The presence of an 
observer (e.g., 
photographer) may 
be disruptive and 
affect responses 
A broader range of information and data is obtained by multiple source of 
evidence instead of one source. Based on advantages and suitability, documents and 
interviews are the strategies selected for this study. According to Yin (2003b), these 
two sources will make findings more convincing and accurate,  because they are 
based on different sources of information, following a corroboratory mode. The 
potential problem of construct validity is addressed because the multiple sources of 
evidence essentially provide multiple measures of the same phenomenon. The 
framework of the guideline will be validated in those three case studies with 
documentation and interview.     
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3.4.5 Unit of Analysis 
The unit of analysis refers to the type of unit a researcher uses when measuring 
and the aggregation level of data during subsequent analysis (Neuman, 2007). The 
common unit of analysis are the individual, the group (e.g., family, friendship 
group), the organisation (e.g., corporation, company), the social category (social 
class, gender, race), the social institution (e.g., religion, education), and the society 
(e.g., nation, a tribe). In this study, the unit of analysis used is the organisation. The 
data used is collected from different organisations such as contractors, designers and 
manufacturers. The data was analysed by comparison and synthesis in explaining 
findings and providing discussion on the subjects investigates.  
3.4.6 Data Analysis and Interpretation for Questionnaire Survey 
The data for the quantitative approach was were analysed using statistical tool. 
Descriptive and inferential statistics was used to analyse the data collected from the 
questionnaires. As mentioned in Section 3.1, PASW Statistics 18 was used to analyse 
the quantitative data. This software is a comprehensive system for analysing data and 
it is able to assist data interpretation more easily (Allen & Bennett, 2010). Tabulated 
reports, charts, and plots of distributions and trends can be generated to show the 
significance and similarity among the data evaluated.   
Various techniques were considered to identify the most significant factors in 
improving sustainable deliverables of IBS construction. Based on the questionnaire, 
the five-point Likert scale was selected. The scale was used in order to obtain 
unambiguous result, easy interpretation, and appropriate measurement on an ordinal 
basis (Ekanayake & Ofori, 2004; Wong & Li, 2006). The five points are 1 “very 
insignificant”, 2 “insignificant”, 3 “neutral”, 4 “significant”, and 5 “very significant”. 
The formula used to calculate the mean score rating is: 
 
(1) 
The next step after calculating the mean importance ratings based on equation 
(1) is identifying the most significant factor among the selected ones. This method 
was previously used by several researchers such as Ekanayake and Ofori (2004) and 
Wong and Li (2006). The rule of t-test is described in the next paragraph. 
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The activities involved in this test were determining the null hypothesis (H0): 
µ1<µ0, and determining the alternative hypothesis (H1): µ1>µ0. In both hypotheses, 
µ1 represents the population mean, and µ0 represents the critical rating above which 
the factor considered is the most significant. Then, comparison between these two 
hypotheses was made and the null hypothesis would be rejected if t-value was larger 
than t (n-1, α) as shown in equation (2). 
 (2) 
where  is the sample mean, /  is the estimated standard error of the mean 
of different score (  is the sampled standard deviation of different score in the 
population, n is the sample size, which is 115 in this study), n-1 represents degree of 
freedom, α represents the significant level that was set at 0.05, and the critical t-value 
in this study is 1.6592. However, if the t-value of the statistical test of the mean 
ratings by the respondents is smaller than 1.6592 at 95% confidence interval, the null 
hypothesis (factors were neutral, insignificant, and very insignificant) would be 
accepted.   
Kendall’s coefficient of concordance (W) was then used. It helped to determine 
the association among the identified critical sustainable factors (Siegel & Castellan, 
1988). The agreement of respondents on the ratings was important to embrace 
different stakeholders’ requirements. If the test statistics, W, was 1, all survey 
respondents have been unanimous and assigned the same order to the list of factors. 
If W is 0, there was no agreement among the respondents.  
For the critical factors identified, it was also important to consider views and 
differences between each organisation type regarding the relative significance factors 
in improving sustainability. In this context, the Kruskal-Wallis one-way analysis of 
variance (ANOVA) was used to assess how these factors were rated by the different 
types of organisation (Wong & Li, 2006). This study did not use matched parametric 
testing since the variables were measured by ordinal scale and not in normal 
distribution. The chi-square (χ2) was interpreted as Kruskal-Wallis value and 
represented the rating distributions in the questionnaire. If the p-value was lower than 
0.05, there were differences between the mean ranks of sustainable factors for IBS 
between respondents’ organisations.    
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For further investigation, Mann-Whitney test was used to determine which 
factors were significantly different from each other across group types. Pallant 
(2007) highlighted that such test is useful to compare differences on the relative 
significance of factors between independent groups.   
3.4.7 Data Analysis and Interpretation for Interviews 
The data for qualitative approach were analysed using the general procedure 
proposed by Creswell (2009). The overview of the data analysis process is presented 
in Figure 3-8.  
 
Figure 3-8: Data Analysis in Qualitative Research 
Adapted from (Creswell, 2009) 
The data from the semi-structured interview were organised and transcribed 
before the data were keyed in into analysis software for qualitative data. The 
software used for this research was QSR NVivo version 9. Bazeley and Richards 
(2000) highlighted that NVivo is able to categorise data from interview session into 
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nodes that can be explored, organised or changed to answer the research questions. 
This software allowed the researcher to browse all the data coded at a node, to 
review the data, to return to the context, or to rethink the idea in interpreting the 
results. The coding would also be more systematic and easy to access.  
As discussed in Section 3.4.3, the qualitative method employed was semi-
structured interview. This tool was used because it was flexible and it gave additional 
space to the interviewees to provide detailed information based on their capability. It 
also allowed the researcher to guide and focus on achieving the research objectives. 
As result, the interviewees were able to provide more in-depth and detailed solutions 
and suggestions to answer the provided questions. SWOT analysis was used to 
formulate a decision making guideline. This is discussed in the next section. 
3.4.8 SWOT Analysis 
SWOT analysis is the most popular technique to analyse the process of 
strategic management (Babaesmailli et al., 2012). This strategic management 
provides a systematic approach and support for decision making starting from the 
early stage. Moreover, this technique allows the decision makers to discover and 
collect facts that have been resulted from negative and positive perceptions. SWOT 
analysis originated from business management literature that investigated internal 
and external factors in formulating the best strategy in decision making (Markovska 
et al., 2009). The purpose of investigating the internal factors is to identify the 
weaknesses and strengths of the project. On the other hand, the external factors are to 
identify the opportunities and threats of the project (Stewart et al., 2002).The analysis 
is able to obtain a consensus among the stakeholders from different spheres of work, 
competence, and interest about improving sustainable deliverables in IBS 
application.  
There are series of scientific researches that adopted SWOT analysis in 
formulating solutions in responding to their research problems. According to 
Zavadskas et al. (2010), this method was widely used in economic activities and in 
formulating strategies for improving and strengthening the national innovations 
system, particularly for developing countries. Ghazinoory and Ghazinoori (2006) 
proposed the method to examine the innovation system situation as well as to study 
the best practices to be adopted in Iran. In Australia, Stewart (2003) adopted SWOT 
analysis to develop a strategic IT and monitoring framework to enhance the 
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effectiveness and efficiency in construction. On the other side of the globe, Lu et al. 
(2009) adopted the SWOT analysis as the basic methodologies for gaining an insight 
into the internationalisation of Chinese’s construction companies in the global 
market.  
In SWOT analysis, the internal and external factors are evaluated 
simultaneously by collecting all the possibilities and opportunities. In this research, 
the group-wise analysis was used in SWOT analysis. This methodology was 
effective in providing factors and major objectives, and to clarify unclear issues by 
developing a consensus among stakeholders (Srivastava et al., 2005). In addition, 
SWOT analysis had an advantage in focusing to all discussions regarding sustainable 
deliverables for IBS application, which formulated the proposed guideline. 
Therefore, it was believed that SWOT analysis was the most appropriate technique to 
be adopted in this research. This technique was able to assist in determining the IBS 
benefits and its limitations, and to make the best use of this system in enhancing 
sustainability for IBS application without neglecting other key stakeholders’ 
consideration.  
3.4.9 Guidelines Development 
The guidelines for decision making in improving sustainability deliverables for 
IBS application are the final outcomes from this research. This section explains the 
process involved in developing the guidelines. The process was adopted from 
previous researcher, Lim (2009) who presented the steps taken in developing 
guidelines on critical sustainability criteria for Australian road infrastructure. 
However, in ‘text sorting’, the sorting was replaced by SWOT analysis instead of 
causes, problems, actions, and results. As identified in previous section, SWOT 
analysis was the most appropriate method to provide an early strategy to improve 
sustainability in IBS application.  
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Figure 3-9: Guideline Development Process 
Modified from: (Lim, 2009) 
The raw data from semi-structured interview were organised and sorted for 
transcription process in providing a text to be analysed in the next phase. The text 
was sorted using QSR NVivo version 9.0 software code data according to suitable 
theme. Secondary data such as documents or reports provided by the interviewees 
during the interview session can also be used to strengthen the data gathered. In data 
input stage, the data were grouped according to SWOT analysis; strengths, 
weaknesses, opportunities, and threats. The pattern for decision making was 
identified in the next stage before the guidelines were developed. From the formation 
of the matrix and the results from the analysis, the guidelines for decision making in 
sustainable IBS construction were formulated.  
Figure 3-10 shows the guideline template. The results from the SWOT analysis 
are presented in different boxes (internal, external, positive or negative) and the 
recommendations are provided at the bottom of the template.  
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Figure 3-10 : SWOT Analysis-Actions Guideline Template 
The texts in each box were carefully studied to derive meaningful results and to 
illustrate the real situation in the construction industry. The last box contains the 
recommendations or actions towards sustainability provide step-to step actions that 
need to be taken by the stakeholders at the project level. The same process was 
applied to all 18 critical factors. Therefore, comparison could be made if there was 
more than one project where the best practices from either project could be 
identified.  
3.4.10 Ethical Consideration 
This research has obtained approval from human research ethics committee in 
Queensland University of Technology. According to their statement, the research 
meets the requirements of the National Statement on Ethical Conduct in Human 
Research. The ethical consideration of this study involved protecting the rights and 
welfare of participants in both research methods employed, questionnaire, and semi-
structured interview. The participation of the respondents was voluntary, and any 
decision, either agreed to participate or not, the decision would in no way impact 
upon participant current or future relationship with Queensland University of 
Technology or with any external body.  
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The respondent was explained that the project would not directly benefit them. 
However, it would benefit the body of knowledge pertaining to sustainable 
development in building construction, mainly the identification of the critical factors 
and elements in IBS application. The result would directly increase the stakeholders’ 
awareness and knowledge, which would eventually expose the importance of 
sustainability development in their decision making. The guidelines would promote 
the sustainable development in general and reduce the negative impacts to the 
economy, social, and environment. 
Cover letters, information of consent form, and set of questionnaires were 
provided to respondents to give all the required information about the study. These 
documents were important to provide sufficient information to the respondents and to 
reduce interview durations. By giving the documents, the respondent would 
understand their roles in participating in the questionnaire survey, be confident with 
the study, benefits of the study, and the importance of their participations. The 
impacts of their involvement were explained in these documents. If they agreed to 
participate, they were required to sign and return the consent form provided.  
3.5 SUMMARY 
In this research, pragmatism is the most applicable because the focus is on the 
problem and on deriving knowledge about the problem in order to establish a 
solution. As a research paradigm, the pragmatism approach uses mixed methods to 
solve research problems arising from actions, situations, and consequences. The 
identification of critical sustainability factors and the development of a framework to 
deal with these factors during IBS implementation is a process of induction. This is 
because the industry perspectives are first explored, identified, analysed then 
synthesised into an interrelationship model. In contrast, practical actions to improve 
sustainability through decision making guidelines are based on a procedural based 
approach using SWOT analysis, which indicates a deduction approach. For data 
collection, this research uses a mixture of survey methods and case study. The brief 
understanding on the research philosophy has been discussed and the research design 
has been presented in this chapter. The justification for using the method has been 
provided and its development has been explained. The next chapter presents the data 
analysis and results.  
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Chapter 4: Questionnaire Survey 
4.1 INTRODUCTION 
This chapter provides details of the results of the questionnaire in this study. 
The outcomes of the analysis identify the critical sustainability factors for Industrial 
Building System application and inform the development of a preliminary 
framework for this study. The questionnaire survey was conducted for four main 
purposes, as follows: 
• To identify the significance of sustainability factors in IBS application. 
• To identify the additional factors that might suitable to be included as the 
critical factors for IBS application. 
• To identify different perspectives of key stakeholders towards the potential 
of IBS application in improving sustainability. 
• To explore key stakeholders’ comments or suggestions for improving 
sustainability for IBS application. 
According to the research plan, the questionnaire survey is the major tool in the 
first phase of data collection. Before the questionnaire survey was conducted, the 
sustainable IBS elements were identified and the pilot survey was carried out. Figure 
4-1 shows the link between the questionnaire survey and the second research 
question: What are the elements that are emphasised by the key stakeholders to 
assess the level of sustainability for IBS construction?  
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Figure 4-1: Purpose of survey in answering research question two 
4.2 QUESTIONNAIRE DESIGN 
The questionnaire was selected as the primary tool to explore the consensus 
among stakeholders regarding decision-making for sustainable IBS. The survey was 
designed based on the sustainable factors identified previously in the literature 
review. A pilot study was conducted to produce a precise survey format that was able 
to depict the expected data. It was also designed to ensure the clarity, 
comprehensiveness, and acceptability of the questionnaire (Fellows & Liu, 2008). A 
small group of potential respondents was asked to review the clarity and relevance of 
the questionnaire. As no major amendments were required, these results were also 
added to the sample of the actual survey. 
The questionnaire consisted of five major parts. Part 1 captured the 
respondents’ demographic details such as their level of experience and background. 
Part 2 captured the main objective of the questionnaire by requesting respondents to 
rate the level of significance of potential factors in enhancing sustainability 
deliverables for IBS construction. Part 3 investigated the impact of those potential 
sustainable factors in providing a better future without neglecting present needs. In 
part 4, the respondents were requested to give additional comments or suggestions. 
Finally, in part 5, the respondents were invited to participate in the subsequent 
investigation phase in this research.  
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Seven groups of respondents were identified as the key stakeholders in IBS 
application based on their organisation type. The organisation types were 
design/consultancy, contractor, manufacturing, user, client, research/academic 
institution, and government authority/agency. Respondents in each of these groups 
were asked to rate the factors involved in improving sustainability based on their 
experience in IBS projects. Using official lists of professionals (for example, from 
the Construction and Industry Development Board, Industrialised Building System 
Centre, Green Building Index Malaysia) as a basis, the respondents’ backgrounds 
were reviewed to assess their suitability for participating in the survey. The 
respondents were selected because of their contributions to the industry and because 
of their interdependence in improving project sustainability. From the database, those 
with experiences of using IBS buildings, such as homeowners, school principals and 
public servants of the governments were identified as users for this study. 
4.3 SURVEY INSTRUMENTATION  
The survey was administered from 1st March 2011 until 30th June 2011. Three 
methods of survey distribution were employed to gather the information, namely: 1) 
online questionnaires; 2) mailed and self-administered questionnaires; and 3) face-to-
face interviews. For the online questionnaire, a survey was created with an online 
tool named “Kwik Survey” that can be accessed at 
http://kwiksurveys.com/index.php. Figure 4-2 shows the main page for “Kwik 
Survey”. This online tool is a popular, free tool that can be used to create and 
customise surveys, manage and monitor responses from participants and view the 
results.   
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Figure 4-2: Kwik Surveys – an online tool 
Neuman (2011) points out that there has been an increasing trend to use the 
internet and email for surveys since the late 1990s. According to Van Selm and 
Jankowski (2006), online surveys can provide a lot of advantages such as reduction 
of costs and time, ease in reaching large numbers of potential respondents, and the 
possibility of providing anonymity to participants. Moreover, these tools can provide 
instant reports so that the researcher can monitor information such as the number of 
respondents and the time taken to answer the questionnaires. The tools can also be 
designed according to the researcher’s needs in achieving the research objectives. 
Figure 4-3 shows an example of the answer interface for the Kwik Survey used in 
this research. 
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Figure 4-3: Example of snapshot for Kwik Survey 
Another method of distribution used in this survey was mailed, self-
administered questionnaires. Postal addresses of the respondents were obtained from 
the database identified. A questionnaire together with a cover letter and consent form 
was mailed directly to them. A self-addressed envelope was also provided so that the 
respondent could conveniently post the completed questionnaire back to the 
researcher. According to Neuman (2011), this method is very effective and normally 
leads to a high rate of feedback especially from participants who have strong interest 
in the research topic. It will also avoid interviewer bias. The respondents were given 
ample time to complete the questionnaire at their convenience, allowing them time to 
check personal records for information to include in their responses.  
The third method of distribution used for this survey was face-to-face 
interviews. This method of distribution was expected to provide the highest response 
rate compared to the other methods. However, due to time and cost constraints, the 
numbers of participants involved in this method of distribution had to be reduced. 
The participants were contacted via phone or email before the researcher met them 
and assisted them to fill in the questionnaires. The number of surveys distributed by 
each of the three different methods used in this research is shown in Figure 4-4. 
 Chapter 4: Questionnaire Survey 94 
Figure 4-4: Methods of survey distribution 
 
The benefits gained from the employment of the three different methods of 
survey distribution include: 
• As many of the potential respondents are located across the country, the 
questionnaire can be delivered to them in the most effective way. 
• Using online tools, a unique Uniform Resource Locator (URL) was 
generated which provided a web address for the questionnaire. The address 
could be disseminated easily and respondents could forward the link to 
other people who might be suitable to participate in this research. 
• Any of the disadvantages of one distribution method can be compensated 
by the advantages of the others. Bias, high cost and lower respondent rate 
can be overcome. 
• The combination of survey distribution methods enables the research to 
compare the consistency of the answers obtained from each method. 
• Any issue or unclear information can be solved immediately. 
• With the help of information technology tools such as computers and 
smart phones, data can be managed effectively. 
Online Survey 
60% 
Mail and Self 
Administered 
30% 
Face-to-Face 
Interviews 
10% 
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4.4 SURVEY RESPONSE RATE AND VALIDITY  
A total of 300 questionnaires were delivered to survey participants with a cover 
letter and consent form. The cover letter is important for explaining the purpose of 
the study and assuring anonymity. By 1st July 2011, 115 questionnaires had been 
returned and were evaluated before being used in the analysis. The evaluation 
considered whether the survey questions were fully answered, whether there were 
any obvious irrational answers such as giving the same score for all items, and 
whether the profile of the respondent showed limitations such as no experience in 
IBS construction. A sample of the questionnaire survey is attached in Appendix II.  
The data collection methods in the questionnaire survey can be categorised into 
three different types, namely online questionnaire, mailed and self-administered 
questionnaires and face-to-face interviews. The details on the response received in 
this research are provided below. 
Online questionnaire: After the designated period for responding to the online 
questionnaire expired (on 1st July 2011), out of 180 respondents, 72 responses had 
been completed and were considered valid for data analysis. The questionnaires were 
emailed and the link to the online survey was provided to ensure the potential 
respondents could easily participate in the survey. Reminders were sent two times 
(on 2nd April 2011 and 29th June 2011). The effective response rate for this 
distribution method was 40%.  
Mailed and self-administered questionnaires: Only 13 valid responses were obtained 
from this method. 77 respondents did not reply to the questionnaires mailed to them 
and 10 respondents returned empty questionnaires to the researcher. The respondents 
were reminded through phone calls to return the questionnaire before 1st July 2011. 
The valid responses represented only 14.94% of the total number of questionnaires 
sent to the respondents. It is believed that the low rate of responses was due to the 
attitude and unwillingness of the respondents to participate in the survey. Low 
response rates are also experienced in Singapore, a country neighbouring Malaysia, 
where it has been noted that a low response rate is typical of studies involving 
construction practitioners (Dulaimi et al., 2004). Shehu and Akintoye (2010) 
highlighted several reasons explaining the generally low response from survey 
participants in any setting. For example, some respondents receive a massive number 
of requests for information from many researchers. Lack of understanding and 
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insufficient knowledge on certain issues or research areas can also lead to poor levels 
of participation.  
Face-to-face interviews: Due to budget and time constraints, the researcher only 
managed to conduct face-to-face interviews with 30 respondents. All the responses 
were valid and able to be analysed. The response rate was very good because the 
researcher had made an individual appointment with the respondent and explained 
the survey in detail and answered any unclear information during the meeting. The 
percentage of response rate was 100%.  
Various data collection methods provide a greater opportunity to the researcher 
in achieving the higher percentages in the survey. The adequate time to obtain 
responses was set and polite reminders were sent to ensure higher rate of response 
(Fellows & Liu, 2008). Accordingly, the total response rate for the survey from the 
three data collection methods was 38%. According to Akintoye (2000), this level of 
response rate is acceptable based on the norm in the construction industry that ranges 
between 20% to 30%.  
4.5 SURVEY RESULTS AND ANALYSES 
4.5.1 Respondents’ Profiles 
The questionnaires were distributed randomly without consideration of whether 
the respondents are from the private or public sector. The respondents were required 
to provide their background and experience in Part A. Figure 4.5 provides a 
breakdown of the 115 valid respondents by their organisation types.  
 
 
Figure 4-5: Distribution of respondents by organisation type 
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There were seven groups of respondents among the key stakeholders in IBS 
construction based on organisation type. The highest number of respondents was 
from the contractor group, representing 20% of the total number of respondents in 
this research. This was followed by respondents in the designer/consultant group 
(18%), user group (15%), government authority/agency group (14%), client group 
(12%), manufacturer group (11%), and research/academic group (10%). All the 
respondents have experience in construction work, and more than 50% of them have 
been involved in IBS construction for more than 5 years. Figure 4-6 shows the 
distribution of the 115 valid respondents by their participation in using IBS in 
construction projects. 
 
 
Figure 4-6: Distribution of the respondents according to years of their participation in using IBS in 
construction projects 
 
As mentioned in section 2.2.3, the application of IBS construction in Malaysia 
was classified based on their structural applications. Most of the respondents had 
experience in precast concrete framing, panels, and box system, representing 66% of 
the total number of respondents in this research (Figure 4-7). This was followed by 
steel framing system (17%), blockwork system (8%), steel formwork system (5%), 
and prefabricated timber system (4%).  
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Figure 4-7: Distribution of respondents by the main types of IBS involvement in their projects 
 
4.5.2 Reliability of the Questionnaire 
Using SPSS’s PASW Statistics 19.0, the Cronbach alpha was calculated to test 
the internal consistency of the scales in providing appropriate ratings for the listed 
factors. The coefficient for alpha reliability is normally between 0 and 1. A value 
greater than 0.7 will be regarded as being sufficient, but values above 0.8 are often 
preferred (Pallant, 2007). In this study, the Cronbach alpha value for potential 
sustainable IBS factors is 0.975, indicating a very good internal consistency for the 
scales used in the study, and suggesting that reliable data has been obtained. 
4.5.3 Sustainability Factors for IBS Application: Perspectives of Designers / 
Consultants 
The results as set out in Table 4-1 indicate that the significance level of 
sustainability factors for IBS application according to the designers and consultants 
differs to the significance level of sustainability factors identified by other 
stakeholders. Out of 62 factors, 16 factors have been identified by the 
designers/consultants as very significant with the mean value of more than 4.00. The 
highest rated sustainable factors are  “knowledge and skills” (mean value = 4.52), 
“waste generation” (mean value = 4.48), “waste disposal” (mean value = 4.33), 
“procurement system” (mean value = 4.29), “construction time” (mean value = 4.29), 
legislation” (mean value = 4.24), “defects and damages” (mean value = 4.24), 
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“design standard and project function” (mean value= 4.19),  “standardisation” (mean 
value = 4.14),  “production” (mean value = 4.10), “governance” (mean value = 4.10), 
“usage efficiency” (mean value = 4.05), “labour availability” (mean value = 4.05), 
“environment administration” (mean value = 4.05) and “embodied energy” (mean 
value = 4.05). 
In regard to economic value, the results reveal that the designers/consultants 
were more concerned with the completion period for the construction project with 
“construction time” (mean value = 4.29) ranked as the top factor in this category. 
This is parallel to the traditional project management objective (time, cost and 
quality).  
“Production” (mean value = 4.10) was identified by the designers/consultants 
as the second most significant factor for IBS application in improving sustainability. 
A unique characteristic of IBS is offsite production, which is an advantage of this 
method as it allows builders to control several problems that affect the performance 
of construction activities such as bad weather, imprecise measurement and 
construction wastages (Blismas et al., 2010; Horman et al., 2004; Jaillon & Poon, 
2008; Shen, et al., 2009). Generally, the designers/consultants focused on the 
economic perspectives on delivering the construction to the clients rather than on the 
whole cost involved in the IBS application. As seen in the results in Table 4-1, 
“initial construction cost” (mean value = 3.48), “speed of return investment” (mean 
value = 3.43) and “disposal cost” (mean value = 3.38) were identified as less 
significant compared to the other sustainability factors. These factors were more 
closely related to the contractors and clients rather than the designers/consultants. 
In regard to ecological performance, the management of construction waste 
was identified as the most significant factor in conserving the environment. The top 
two factors were “waste generation” (mean value = 4.48) and “waste disposal” (mean 
value = 4.33). Shen et al. (2009) also highlighted that concerns about construction 
waste management have increased and become a pressing issue in the practice of 
sustainable construction. The other three factors which obtained a low rating were 
“water consumption” (mean value = 3.71), “energy consumption in design and 
construction” (mean value = 3.71) and “transportation and lifting” (mean value = 
3.57). 
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In regard to social equity and culture, “knowledge and skills” (mean value = 
4.52) was identified as the most significant factor to ensure that sustainable 
construction can be achieved in IBS application. Generally, participants in the 
construction industry hesitate to learn and develop innovative solutions which from 
their perspective will involve additional cost and time. However, innovative 
solutions are essential if the industry wants to move towards sustainability despite 
the demanding and often stressful routines of construction activities. It is important 
to acknowledge that these factors can promote the sustainability agenda in IBS 
application and cannot proceed without a knowledgeable and skilful workforce. The 
factors that obtained the lowest ratings from designers/consultants were “influence 
on job market” and “disaster preparedness”. Geographically, Malaysia is in an 
earthquake-free zone and its economy is rapidly growing. 
In regard to technical quality, “defects and damages” is first on the list for its 
significance in improving sustainability for IBS application. As IBS components are 
factory produced, defects and damages can be reduced significantly. However, 
monitoring and proper handling are paramount to ensure the quality of the IBS 
components. Conversely, “adaptability and flexibility” was rated as less significant 
compared to the other factors. However, it is important to note that this factor might 
be used as the major strategy in the sustainability agenda because of the ability of 
IBS to accommodate the evolution of the occupant. The survey results imply that the 
designers/consultants were less aware of the impact of the decisions for the long 
term, specifically for the demolition and deconstruction works. 
In regard to implementation and enforcement, “procurement system” and 
“legislation” were the top two highly significant factors among the 
designers/consultants. They considered that those factors directly influenced 
sustainability performance in the IBS construction. It can be concluded that these are 
the major factors for improving sustainability from the institutional domain. 
Governments need to have a strong policy for sustainable development and effective 
legislation. Legislation is required to compel compliance and adherence to best 
practice and promote consistency in interpretation and use. 
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Table 4-1: Designers / consultants’ rating of sustainability factors for IBS applications 
 Sustainability factors Mean N Std. Deviation Rank 
Economic value 
1 Construction time 4.29 21 1.102 1 
2 Production 4.10 21 1.044 2 
3 Maintenance and operation costs 3.90 21 .944 3 
4 Labour cost 3.90 21 .995 3 
5 Lead-times 3.71 21 1.007 5 
6 Life cycle costs 3.62 21 .921 6 
7 Material costs 3.62 21 1.161 6 
8 Transportation and lifting  3.57 21 1.207 8 
9 Design stage adoption 3.52 21 1.209 9 
10 Initial construction costs 3.48 21 1.167 10 
11 Speed of return on investment 3.43 21 1.028 11 
12 Disposal costs 3.38 21 1.117 12 
Ecological performance 
13 Waste generation 4.48 21 .750 1 
14 Waste disposal 4.33 21 .856 2 
15 Environment administration 4.05 21 .921 3 
16 Embodied energy 4.05 21 .921 3 
17 Ecology preservation 4.00 21 .949 5 
18 Pollution generation 3.95 21 .973 6 
19 Recyclable / renewable contents 3.95 21 1.161 6 
20 Material consumption 3.90 21 .889 8 
21 Land use 3.81 21 .873 9 
22 Health of occupants (indoor air quality) 3.81 21 .981 9 
23 Site disruption 3.76 21 1.044 11 
24 Reusable / recyclable elements 3.76 21 1.179 11 
25 Operational energy 3.76 21 1.044 11 
26 Water consumption 3.71 21 1.056 14 
27 Energy consumption in design and 
construction 
3.71 21 1.056 14 
28 Inclusive environment 3.71 21 1.146 14 
Social equity and culture 
29 Knowledge and skills 4.52 21 .981 1 
30 Labour availability 4.05 21 1.117 2 
31 Workers’ health and safety 4.00 21 1.095 3 
32 Working conditions 4.00 21 1.000 3 
33 Community disturbance 3.95 21 1.161 5 
34 Principles and values 3.81 21 1.078 6 
35 Site attributes 3.81 21 1.250 6 
36 Participation and control 3.67 21 1.155 8 
37 Physical space 3.62 21 1.071 9 
38 Traffic congestion 3.62 21 1.284 9 
39 Aesthetic options 3.57 21 1.121 11 
40 Local economy 3.57 21 1.076 11 
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 Sustainability factors Mean N Std. Deviation Rank 
41 Public awareness 3.52 21 1.250 13 
42 Public participation 3.52 21 1.167 13 
43 Influence on job market 3.48 21 .981 15 
44 Disaster preparedness 3.48 21 .981 15 
Technical quality 
45 Defects and damages  4.24 21 .944 1 
46 Usage efficiency 4.05 21 .921 2 
47 Constructability 4.00 21 .949 3 
48 Durability  3.95 21 1.024 4 
49 Technology 3.81 21 1.123 5 
50 Integration of building services 3.76 21 1.044 6 
51 Loading capacity 3.62 21 1.203 7 
52 Integration of supply chains 3.57 21 1.076 8 
53 Adaptability and flexibility 3.52 21 1.167 9 
Implementation and enforcement 
54 Procurement system 4.29 21 .784 1 
55 Legislation 4.24 21 .831 2 
56 Design standard and project function 4.19 21 .873 3 
57 Standardisation 4.14 21 1.014 4 
58 Governance 4.10 21 .768 5 
59 Project control guidelines 4.05 21 .921 6 
60 Integrated environmental and economic 
program 
4.00 21 .894 7 
61 Policy and strategy match 3.90 21 .768 8 
62 Building capacity 3.52 21 1.078 9 
4.5.4 Sustainability Factors for IBS Application: Perspectives of Contractors 
The results as set out in Table 4-2 show that the contractors are more 
concerned about the sustainability factors that can increase their profit levels and 
minimise unnecessary cost. Out of 62 factors, there are 27 factors that have been 
identified by the contractors as very significant with the mean value of more than 
4.00. The highest rated sustainability factors are “constructability” (mean = 4.78), 
“production” (mean = 4.74), “construction time” (mean = 4.65), “transportation and 
lifting” (mean = 4.61), “defects and damages” (mean = 4.48), “labour cost” (mean = 
4.48),  “durability” (mean = 4.43), “material costs” (mean = 4.43), “adaptability and 
flexibility” (mean = 4.43), “working conditions” (mean = 4.39), “usage efficiency” 
(mean = 4.39), “material consumption” (mean = 4.30), “site disruption” (mean = 
4.26), “loading capacity” (mean = 4.26), “maintenance and operation costs” (mean = 
4.26), “life cycle costs” (mean = 4.26), “procurement system” (mean = 4.26), “traffic 
congestion” (mean = 4.26), “site attributes” (mean = 4.17), “standardisation” (mean 
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= 4.17), “knowledge and skills” (mean = 4.17), “waste generation” (mean = 4.17), 
“speed of return on investment” (mean = 4.13), “reusable / recyclable elements” 
(mean = 4.13), “integration of supply chains” (mean = 4.13), “labour availability” 
(mean = 4.09) and “recyclable/renewable contents” (mean = 4.09). 
In regard to economic value, the results reveal that the contractors were more 
concerned with the physical achievement of the IBS project. They rated “production” 
and “construction time” as the main factors in determining the success of the IBS 
project. They believed these factors will improve sustainable deliverables for IBS 
applications. Conversely, “lead-times” received the lowest rating from the 
contractors. Even though planning and scheduling is the key point of the project 
success, the lead-time provided by the IBS application is not considered as more 
significant compared to the other factors. Technically, this consideration is already 
taken into account by the manufacturers and designers/consultants. 
In regard to ecological performance, “material consumption” received the 
highest rating from the contractors. As highlighted in the Producer Price Index report 
by the Department of Labour (2012), the price of construction materials has 
increased over time and recently went up by 6.1% in one year. Moreover, the higher 
consumption of materials will have a significant impact on the environment 
especially in relation to unrenewable materials such as fossil fuel and steel. “Ecology 
preservation” received the lowest rating in improving sustainability for IBS 
application from contractors. This factor can improve sustainability by preserving 
biodiversity, cultural and heritage with a reduction of ozone depletion, natural 
resource usage, environmental impact and consumption of pollutants.  The survey 
results imply that the contractors take the significance of ecological performance into 
consideration when the factors are closely related to economic benefits such as 
“material consumption”, “site disruption” and “waste generation”.  
In regard to social equity and culture, “working conditions” was rated as the 
most significant factor to enhance sustainability for IBS application. The factory 
environment offers several advantages such as avoiding lost time due to uncontrolled 
weather conditions, maintaining precision in production and organising the 
construction site effectively. Moreover, fewer activities and operations on site will 
reduce the number of accidents that may happen and provide more space to organise 
IBS components and materials. Similar to designers/consultants, the factor receiving 
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the lowest rating from the contractors for social equity and culture was “disaster 
preparedness”.  
In regard to technical quality, “constructability” was rated as the most 
significant factor to improve sustainability. Constructability is an approach that links 
the design and construction processes. However, the levels of knowledge, experience 
and cooperation among all the stakeholders are important to ensure the components 
can be assembled without any problems and can meet the scheduled date. In IBS 
application, it is important to improve the management flow of building materials 
and organise other sources especially if the construction involves different suppliers 
for various components. In this study, it is indicated that the contractors are more 
focused on the implementation of the installation and construction of the IBS 
buildings compared to the other stakeholders. Their concern is ensuring that the flow 
of the construction process is managed effectively.  
In regard to implementation and enforcement, “procurement system” and 
“standardisation” were the top two most significant factors among the contractors. 
“Procurement system”, which was also rated as the most significant factor by 
designers/consultants, provides the details of the construction process and details for 
the process involved in the IBS project. Payment type and the task that need to be 
executed are also stated in the contract document. The factor that received the lowest 
rating in this category from the contractors was “building capacity”. This factor 
represents the ability of IBS applications to improve sustainability by strengthening 
or maintaining structures and formal linkages, championing the following of policies 
and, building or maintaining expertise to sustain the innovation. 
Table 4-2: Contractors’ rating of sustainability factors for IBS applications 
 Sustainability factors Mean N Std. Deviation Rank 
Economic value 
1 Production 4.74 23 .449 1 
2 Construction time 4.65 23 .487 2 
3 Transportation and lifting  4.61 23 .583 3 
4 Labour cost 4.48 23 .593 4 
5 Material costs 4.43 23 .788 5 
6 Maintenance and operation costs 4.26 23 .619 6 
7 Life cycle costs 4.26 23 .619 6 
8 Speed of return on investment 4.13 23 .694 8 
9 Initial construction costs 4.00 23 1.000 9 
10 Disposal costs 3.87 23 1.140 10 
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 Sustainability factors Mean N Std. Deviation Rank 
11 Design stage adoption 3.87 23 1.140 10 
12 Lead-times 3.52 23 1.123 12 
Ecological performance 
13 Material consumption 4.30 23 .635 1 
14 Site disruption 4.26 23 .689 2 
15 Waste generation 4.17 23 1.230 3 
16 Reusable / recyclable elements 4.13 23 .869 4 
17 Recyclable / renewable contents 4.09 23 .900 5 
18 Waste disposal 3.96 23 1.224 6 
19 Inclusive environment 3.70 23 1.063 7 
20 Health of occupants (indoor air 
quality) 
3.65 23 1.152 8 
21 Water consumption 3.65 23 1.071 8 
22 Operational energy 3.52 23 1.039 10 
23 Energy consumption in design and 
construction 
3.43 23 .945 11 
24 Embodied energy 3.39 23 1.118 12 
25 Pollution generation 3.35 23 1.229 13 
26 Environment administration 3.30 23 1.222 14 
27 Land use 3.30 23 1.020 14 
28 Ecology preservation 3.26 23 1.214 16 
Social equity and culture 
30 Working conditions 4.39 23 .783 1 
31 Traffic congestion 4.26 23 .810 2 
32 Site attributes 4.17 23 .887 3 
33 Knowledge and skills 4.17 23 .984 3 
34 Labour availability 4.09 23 1.203 5 
35 Workers’ health and safety 3.87 23 1.217 6 
36 Local economy 3.65 23 1.071 7 
37 Participation and control 3.61 23 1.076 8 
38 Aesthetic options 3.52 23 1.201 9 
39 Physical space 3.52 23 1.238 9 
40 Community disturbance 3.48 23 1.039 11 
41 Public awareness 3.39 23 1.270 12 
42 Influence on job market 3.35 23 1.112 13 
43 Public participation 3.26 23 1.137 14 
44 Principles and values 3.26 23 1.176 14 
45 Disaster preparedness 3.04 23 1.147 16 
Technical quality 
45 Constructability 4.78 23 .422 1 
46 Defects and damages  4.48 23 .511 2 
47 Durability  4.43 23 .728 3 
48 Adaptability and flexibility 4.43 23 .590 3 
49 Usage efficiency 4.39 23 .583 5 
50 Loading capacity 4.26 23 .541 6 
51 Integration of supply chains 4.13 23 .548 7 
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52 Technology 4.00 23 1.168 8 
53 Integration of building services 3.39 23 1.270 9 
Implementation and enforcement 
54 Procurement system 4.26 23 .619 1 
55 Standardisation 4.17 23 .717 2 
56 Project control guidelines 3.91 23 .996 3 
57 Governance 3.52 23 1.238 4 
58 Legislation 3.48 23 1.275 5 
59 Policy and strategy match 3.48 23 1.238 5 
60 Design standard and project function 3.43 23 1.161 7 
61 Integrated environmental and 
economic program 
3.30 23 1.146 8 
62 Building capacity 3.26 23 1.010 9 
4.5.5 Sustainability Factors for IBS Application: Perspectives of Manufacturers 
As shown in Table 4-3, the manufacturers rated most of the identified factors 
as significant. Out of 62 factors, only 5 factors were rated lower than 4.00 by the 
manufacturers in the survey. These factors were “technology” (mean = 3.85), 
“influence on job market” (mean = 3.85), “land use” (mean = 3.85), “building 
capacity” (mean = 3.62) and “disaster preparedness” (mean = 3.38). 
In regard to economic value, the results reveal that the manufacturers rated two 
factors as the most significant in improving sustainability, namely, “construction 
time” and “labour cost”. The results reveal that the manufacturers were more 
concerned about the factors involved in the manufacturing of the IBS components; 
this concern reflects the nature of their business. “Disposal costs” is a factor involved 
in the post-construction stage and was rated as the least significant compared to other 
factors in this dimension. “Design stage adoption” also received a lower rating from 
the manufacturers. 
In regard to ecological performance, “material consumption” was rated as the 
most significant factor to improve sustainability. Four factors were rated as the 
second most significant factors in the survey, namely, “ecology preservation”, 
“recyclable / renewable contents”, “reuseable / recyclable elements” and “waste 
generation”. These factors are related to optimising the available resources and 
minimising the usage of unrenewable components. On the other hand, “land use” 
was rated as the least significant factor in improving sustainability from the 
manufacturers’ perspective. The objectives of this factor are to prevent extensive 
land usage, land contamination and reduce damage to the landscape.  
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In regard to social equity and culture, “working conditions” was rated as the 
most significant factor among the manufacturers. Contactors in the survey also rated 
this factor as the most significant factor in improving sustainability for IBS 
application. As well as reducing the incidence of accidents on the construction site, 
IBS provides opportunities for local labourers to improve their skills and techniques 
in conducting IBS operations. Again, “disaster preparedness” was rated as the least 
significant factor in this category. This is similar to the perspectives of the 
contractors and designers/consultants. 
In regard to technical quality, “constructability” was rated as the most 
significant factor for the manufacturers. As the party who produce the IBS 
components, “durability” and “defects and damages” were rated by the 
manufacturers as the second most significant factors in enhancing sustainability. 
Generally, the manufacturers care about the quality of the product produced rather 
than the “technology”, “integration of building services” and “adaptability and 
flexibility”. These three factors were rated by the manufacturers as the least 
significant to improving IBS sustainability.  
In regard to implementation and enforcement, the results reveal that the 
manufacturers were concerned with the initial construction procedures for IBS 
application. They rated “legislation” as the highest factor in the level of significance. 
The next two most significant factors were “procurement system” and “policy and 
strategy match”. They were concerned about the legal aspects of IBS construction 
and the policy framework created by government for improving sustainability.  
Table 4-3: Manufacturers’ rating of sustainability factors for IBS applications 
 Sustainability factors Mean N Std. Deviation Rank 
Economic value 
1 Construction time 4.85 13 .376 1 
2 Labour cost 4.85 13  .376  1 
3 Production 4.69 13 .480 3 
4 Material costs 4.62 13 .870 4 
5 Transportation and lifting  4.46 13 .776 5 
6 Lead-times 4.38 13 .650 6 
7 Life cycle costs 4.38 13 .650 6 
8 Maintenance and operation costs 4.31 13 .751 8 
9 Speed of return on investment 4.31 13 .751 8 
10 Initial construction costs 4.23 13 .725 10 
11 Disposal costs 4.15 13 .899 11 
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12 Design stage adoption 4.15 13 .555 11 
Ecological performance 
13 Material consumption 4.85 13 .376 1 
14 Ecology preservation 4.62 13 .650 2 
15 Recyclable / renewable contents 4.62 13 .650 2 
16 Reusable / recyclable elements 4.62 13 .650 2 
17 Waste generation 4.62 13 .506 2 
18 Waste disposal 4.54 13 .519 6 
19 Water consumption 4.46 13 .967 7 
20 Environment administration 4.46 13 .519 7 
21 Pollution generation 4.38 13 .650 9 
22 Energy consumption in design and construction 4.38 13 .506 9 
23 Embodied energy 4.38 13 .506 9 
24 Operational energy 4.31 13 .751 12 
25 Site disruption 4.08 13 .862 13 
26 Health of occupants (indoor air quality) 4.08 13 .641 13 
27 Inclusive environment 4.08 13 .641 13 
28 Land use 3.85 13 .801 16 
Social equity and culture 
29 Working conditions 4.77 13 .439 1 
30 Labour availability 4.62 13 .506 2 
31 Public awareness 4.62 13 .650 2 
32 Physical space 4.46 13 .519 4 
33 Local economy 4.38 13 .506 5 
34 Aesthetic options 4.38 13 .768 5 
35 Public participation 4.38 13 .650 5 
36 Workers’ health and safety 4.31 13 .855 8 
37 Knowledge and skills 4.23 13 .599 9 
38 Traffic congestion 4.23 13 .832 9 
39 Participation and control 4.15 13 1.068 11 
40 Community disturbance 4.15 13 .801 11 
41 Site attributes 4.08 13 .494 13 
42 Principles and values 4.08 13 .954 13 
43 Influence on job market 3.85 13 .689 15 
44 Disaster preparedness 3.38 13 1.044 16 
Technical quality 
45 Constructability 4.85 13 .376 1 
46 Durability  4.77 13 .439 2 
47 Defects and damages  4.77 13 .439 2 
48 Loading capacity 4.54 13 .519 4 
49 Usage efficiency 4.54 13 .519 4 
50 Integration of supply chains 4.46 13 .519 6 
51 Adaptability and flexibility 4.38 13 .650 7 
52 Integration of building services 4.38 13 .650 7 
53 Technology 3.85 13 .555 9 
Implementation and enforcement 
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54 Legislation 4.46 13 .519 1 
55 Policy and strategy match 4.38 13 .506 2 
56 Procurement system 4.38 13 .768 2 
57 Design standard and project function 4.23 13 .599 4 
58 Project control guidelines 4.23 13 .599 4 
59 Governance 4.23 13 .832 4 
60 Standardisation 4.23 13 .832 4 
61 Integrated environmental and economic program 4.15 13 .689 8 
62 Building capacity 3.62 13 .650 9 
4.5.6 Sustainability Factors for IBS Application: Perspectives of Users 
Similar to the manufacturers, the users also rated most of the identified factors 
as significant as set out in Table 4-4. From the users’ perspective, IBS offered a huge 
potential in increasing sustainability. They believed the IBS buildings performed 
much better than the conventional buildings in terms of operational and satisfaction 
factors. Majority of the potential factors were identified as significant in improving 
sustainability. 
Out of 62 factors, only 6 factors were rated lower than 4.00 by the users in the 
survey. These factors were “disaster preparedness” (mean = 3.94), “design stage 
adoption” (mean = 3.88), “energy consumption in design and construction” (mean = 
3.82), “influence on job market” (mean = 3.76), “lead-times” (mean = 3.65) and 
“initial construction cost” (mean = 3.47). 
In the economic value category, “construction time” was rated as the most 
significant factor by the users. “Construction time” has a direct relationship with the 
total construction cost. Longer construction period will increase the construction 
cost. On the other hand, a shorter construction period will affect the quality of the 
IBS components. The “initial construction costs” factor was rated as the least 
significant compared to other factors to improve sustainability from the users’ 
perspective. The survey results imply that the users were more concerned about the 
total cost than the initial costs.  
In the ecological performance category, “waste generation” was rated as the 
most significant factor among the users. Inefficient waste management will result in 
a huge amount of waste generation. This will increase production costs and incur 
additional cost to dispose the generated waste.  Conversely, “energy consumption in 
design and construction” was rated as the least significant factor among the users in 
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enhancing sustainability. They believed that the energy consumption during this 
stage is more relevant to the person or party who conducted the construction works 
such as the manufacturers and contractors.  
In the social equity and culture category, the two factors rated as the most 
significant factors to improve sustainability were “community disturbance” and 
“principles and values”. Construction activities often result in community 
disturbance such as noise, dust and pollution. It is important to reduce the adverse 
impact of these activities especially for the occupants and the local community. For 
the “principles and values”, the users believed that sustainability in IBS application 
can be achieved by applying good values in respecting other people’s principles, 
providing privacy and by freedom of association and collective bargaining. 
In the technical quality category, the results reveal that the users were 
concerned about “defects and damages”. As the party who occupy the buildings, the 
users believed that any defects or damaged components will result in discomfort and 
shorten the period of building operation. Conversely, the least significant factor in 
this category among users was “technology”. It can be concluded that the 
professionals in the IBS industry are still moderate in terms of their technology 
readiness. To increase their readiness, it is important to provide sufficient equipment 
and that skilled personnel are available for implementing sustainable IBS technology. 
In the implementation and enforcement category, the survey reveals that the 
“procurement system” was the most significant factor among the users. They 
believed that simplification in documentation would provide clear information and 
explicit responsibility among stakeholders. Communication between parties involved 
in the projects would also be more efficient. Any problems that may arise could be 
solved immediately and would reduce construction time. Another important factor in 
improving sustainability in IBS application was “standardisation”. The advantage of 
standardisation is that it enables the production of a mass volume of components and 
encourages reproduction. This will lower the cost and provide an opportunity to the 
users to enjoy high quality IBS construction at lower cost. 
Table 4-4: Users’ rating of sustainability factors for IBS applications 
 Sustainability factors Mean N Std. Deviation Rank 
Economic value 
1 Construction time 4.94 17 .243 1 
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2 Labour cost 4.71 17 .470 2 
3 Production 4.65 17 .493 3 
4 Material costs 4.47 17 .800 4 
5 Transportation and lifting 4.41 17 .939 5 
6 Maintenance and operation costs 4.35 17 .786 6 
7 Life cycle costs 4.35 17 .862 6 
8 Disposal costs 4.24 17 .970 8 
9 Speed of return on investment 4.12 17 .697 9 
10 Design stage adoption 3.88 17 .600 10 
11 Lead-times 3.65 17 .702 11 
12 Initial construction costs 3.47 17 .624 12 
Ecological performance 
13 Waste generation 4.88 17 .332 1 
14 Embodied energy 4.71 17 .470 2 
15 Recyclable / renewable contents 4.65 17 .606 3 
16 Material consumption 4.65 17 .606 3 
17 Waste disposal 4.65 17 .606 3 
18 Water consumption 4.59 17 .795 6 
19 Reusable / recyclable elements 4.59 17 .618 6 
20 Ecology preservation 4.53 17 .717 8 
21 Operational energy 4.53 17 .800 8 
22 Health of occupants (indoor air quality) 4.47 17 .874 10 
23 Pollution generation 4.41 17 .712 11 
24 Environment administration 4.41 17 .618 11 
25 Site disruption 4.35 17 .606 13 
26 Inclusive environment 4.35 17 .786 13 
27 Land use 4.35 17 .702 13 
28 Energy consumption in design and construction 3.82 17 .809 16 
Social equity and culture 
30 Principles and values 4.65 17 .493 1 
31 Community disturbance 4.65 17 .493 1 
32 Workers’ health and safety 4.59 17 .618 3 
33 Site attributes 4.59 17 .618 3 
34 Aesthetic options 4.59 17 .712 3 
35 Labour availability 4.53 17 .800 6 
36 Knowledge and skills 4.53 17 .800 6 
37 Participation and control 4.47 17 .514 8 
38 Traffic congestion 4.47 17 .800 8 
39 Working conditions 4.47 17 .514 8 
40 Public awareness 4.41 17 .939 11 
41 Physical space 4.41 17 .507 11 
42 Local economy 4.29 17 .588 13 
43 Public participation 4.18 17 .809 14 
44 Disaster preparedness 3.94 17 1.088 15 
45 Influence on job market 3.76 17 1.033 16 
Technical quality 
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 Sustainability factors Mean N Std. Deviation Rank 
45 Defects and damages 4.71 17 .470 1 
46 Constructability 4.59 17 .618 2 
47 Usage efficiency 4.59 17 .618 2 
48 Loading capacity 4.47 17 .514 4 
49 Durability 4.47 17 .800 4 
50 Integration of building services 4.47 17 .717 4 
51 Adaptability and flexibility 4.35 17 .931 6 
52 Integration of supply chains 4.24 17 .831 8 
53 Technology 4.12 17 .697 9 
Implementation and enforcement 
54 Procurement system 4.76 17 .437 1 
55 Standardisation 4.71 17 .470 2 
56 Project control guidelines 4.65 17 .702 3 
57 Integrated environmental and economic program 4.65 17 .702 3 
58 Legislation 4.59 17 .507 5 
59 Governance 4.53 17 .624 6 
60 Policy and strategy match 4.53 17 .514 6 
61 Design standard and project function 4.47 17 .717 8 
62 Building capacity 4.00 17 .935 9 
4.5.7 Sustainability Factors for IBS Application: Perspectives of Clients 
The outcomes from the survey indicate that the ratings from clients are 
relatively different compared to the responses of other stakeholders in regard to their 
perspectives on improving sustainability. This is shown in the results set out in Table 
4-5. In the economic value category, “construction time” was rated by the clients as 
the most significant factor in improving sustainability for IBS application. In most of 
the systems for building construction, the client can only occupy the building after 
the contractor hands over the complete building with a certificate of fitness. Clients 
have a plan about when and how to use the building when it is complete. Therefore, 
time is the most important element in making any decision and will impact on the 
usage of the buildings. On the other hand, “initial construction costs” and “design 
stage adoption” were rated as the least significant factors in improving sustainability.  
In the ecological performance category, “waste generation” was rated as the 
most significant factor among clients. Higher waste generation will impact on the 
amount of resources used in the IBS construction. Therefore, it will increase the cost 
of the IBS construction. The generation of construction waste can be minimised by 
proper planning on how to produce and handle the components such as procedures 
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on the lifting of the components, wrapping materials and processing of the unwanted 
aggregates.  
From the clients’ perspective, the least significant factors in improving 
sustainability for IBS application were “operational energy” and “land use”. 
Operational energy is the amount of energy consumption during the usage phase 
such as natural gas or electricity for heating and cooling. The land use factor ensures 
the effectiveness of land usage and avoids land contamination.  
In the social equity and culture category, clients rated “knowledge and skills” 
as the most significant factor to improve sustainability. They believed resistance 
among the construction stakeholders to gaining new knowledge and skills slows 
down the expansion of IBS construction. Research and development in IBS is 
lacking because of reluctance on the part of stakeholders who do not clearly 
understand the benefits of this system. This is in accord with the findings of several 
researchers who have identified a lack of knowledge in IBS and sustainability among 
university graduates (Hamid, et al., 2007; Thanoon, et al., 2003). In addition, 
Rahman and Omar (2006)  claim that civil engineers and other relevant parties lack 
the requisite knowledge of structural analysis and design of IBS components.  
In the technical quality category, the results reveal that the clients were more 
concerned about simplification and usage efficiency for the IBS buildings. They 
rated “constructability” and “usage efficiency” as the most significant to improving 
sustainability. They believed sustainability can be improved by easing the 
construction process and by maximising capacity usage and allowing quicker 
occupancy for assembled components. Conversely, “adaptability and flexibility” was 
rated as least significant factor among the clients.  
In the implementation and enforcement category, “legislation” was rated as the 
most significant factor for improving sustainability. Clients believed that legislation 
is important to monitor the implementation of IBS according to the policy. On the 
other hand, “building capacity” was rated as the least significant factor in IBS 
application. The other two factors that received the low ratings from the client group 
in this research were “project control guidelines” and “standardisation”.  
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Table 4-5: Clients’ rating of sustainability factors for IBS applications 
 Sustainability factors Mean N Std. Deviation Rank 
Economic value 
1 Construction time 4.64 14 .497 1 
2 Production 4.57 14 .514 2 
3 Labour cost 4.43 14 .514 3 
4 Material costs 4.14 14 .864 4 
5 Maintenance and operation costs 4.07 14 .730 5 
6 Disposal costs 4.00 14 .961 6 
7 Life cycle costs 4.00 14 .961 6 
8 Speed of return on investment 3.93 14 .829 8 
9 Transportation and lifting 3.79 14 .975 9 
10 Lead-times 3.71 14 .914 10 
11 Initial construction costs 3.57 14 .852 11 
12 Design stage adoption 3.57 14 .756 11 
Ecological performance 
13 Waste generation 4.64 14 .633 1 
14 Waste disposal 4.36 14 .745 2 
15 Material consumption 4.36 14 .745 2 
16 Site disruption 4.21 14 .802 4 
17 Ecology preservation 4.21 14 .802 4 
18 Embodied energy 4.21 14 .893 4 
19 Reusable / recyclable elements 4.14 14 .949 7 
20 Inclusive environment 4.14 14 .949 7 
21 Pollution generation 4.14 14 .864 7 
22 Environment administration 4.07 14 .616 10 
23 Recyclable / renewable contents 4.00 14 1.109 11 
24 Health of occupants (indoor air quality) 4.00 14 .877 11 
25 Energy consumption in design and construction 3.93 14 .829 13 
26 Water consumption 3.86 14 1.231 14 
27 Operational energy 3.71 14 1.437 15 
28 Land use 3.71 14 .825 15 
Social equity and culture 
30 Knowledge and skills 4.50 14 .650 1 
31 Working conditions 4.43 14 .514 2 
32 Labour availability 4.36 14 .745 3 
33 Principles and values 4.29 14 .469 4 
34 Community disturbance 4.21 14 .699 5 
35 Workers’ health and safety 4.14 14 .663 6 
36 Participation and control 4.14 14 .770 6 
37 Site attributes 4.14 14 .864 6 
38 Aesthetic options 4.14 14 .864 6 
39 Local economy 4.07 14 .829 10 
40 Public awareness 4.07 14 1.141 10 
41 Public participation 4.00 14 .961 12 
42 Traffic congestion 3.93 14 .917 13 
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43 Physical space 3.93 14 .730 13 
44 Influence on job market 3.86 14 .864 15 
45 Disaster preparedness 3.50 14 1.160 16 
Technical quality 
45 Constructability 4.43 14 .646 1 
46 Usage efficiency 4.43 14 .646 1 
47 Defects and damages 4.36 14 .633 3 
48 Durability 4.21 14 .699 4 
49 Integration of supply chains 4.07 14 .829 5 
50 Loading capacity 4.00 14 .784 6 
51 Integration of building services 4.00 14 .784 6 
52 Technology 3.86 14 1.027 8 
53 Adaptability and flexibility 3.79 14 1.051 9 
Implementation and enforcement 
54 Legislation 4.57 14 .514 1 
55 Policy and strategy match 4.50 14 .519 2 
56 Procurement system 4.50 14 .519 2 
57 Integrated environmental and economic program 4.36 14 .842 4 
58 Governance 4.29 14 .914 5 
59 Design standard and project function 4.29 14 .825 5 
60 Project control guidelines 4.21 14 .802 7 
61 Standardisation 4.21 14 .893 7 
62 Building capacity 3.64 14 1.082 9 
4.5.8 Sustainability Factors for IBS Application: Perspectives of Researchers / 
Academics 
The researchers/academics have more general views on the potential of 
sustainability in improving IBS implementation. As set out in Table 4-6, the ratings 
for each category are well distributed and show that the researchers/academics 
consider the potential of each factor to enhance sustainability through the life cycle 
of the IBS implementation. In the economic value category, the results reveal that the 
researchers/academics were more concerned about the construction period and the 
quality of production for IBS components. They rated “construction time” as the 
most significant factor and “production” as the second most significant factor. Most 
of the factors related to cost in the pre-construction and post-construction stages were 
rated least significant by the researcher/academic group. It can be concluded that 
they believed the total of the construction costs is more significant in improving 
sustainability.  
In the ecological performance category, waste management the most 
significant factor in IBS sustainability according to this group. “Waste generation” 
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was rated as the most significant factor and “waste disposal” was rated as the second 
most significant factor in IBS application. The two factors at the bottom of the 
ratings were “health of occupants (indoor air quality)” and “operational energy”. 
These factors might be more significant in conventional construction compared to 
IBS implementation. This is because the IBS components are produced in the factory 
instead of the construction site, which eliminates most of the indoor air quality 
problems and optimises the operational energy.  
In the social equity and culture category, the availability and readiness of the 
IBS players to improve their performance was the issue of most concern to the 
researchers/academics. They rated “labour availability” and “knowledge and skills” 
as the most significant factors in improving sustainability. It is important to note that 
the shift of paradigm from the conventional to IBS construction requires changes in 
design and ways of thinking for the process involved and how the components are 
produced. The real advantages of IBS can only be realised through a thorough 
understanding of the principles underpinning manufacturing especially in improving 
sustainability. Therefore, it is essential to have a clear understanding, sufficient 
knowledge and appropriate skills and technology.  
In regard to technical quality, researchers/academics considered quality of the 
final products to be paramount in achieving sustainable objectives. The results reveal 
that “durability” was rated as the first in the list. ”Defects and damages” was rated as 
the second most significant factor. The ability of an IBS building to serve and 
accommodate user requirements for the expected duration was important. 
Conversely, “technology” was rated as least significant compared to other factors. 
Investment in new technology normally will involve a huge amount of financial and 
human resources. Expensive equipments and machines need to be operated by skilled 
workers to avoid inefficiency and technical problems.  
In the implementation and enforcement category, “standardisation” was rated 
as the most significant factor among the researcher/academic group. According to 
Azuma et al. (2007), standardisation has the potential to encourage sustainable 
efforts by interchangeability of building components, facilitating the assembly and 
dismount and reducing construction cost by large-scale production. The factor that 
received less than 4.00 for its mean is “building capacity”. The results show that the 
researchers/academics were more concerned about legislation, policy and legal 
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documentation in this category instead of building up the relationship among the IBS 
stakeholders and searching for the innovative approach in IBS construction. 
Table 4-6: Researchers / academics’ rating of sustainability factors for IBS applications 
 Sustainability factors Mean N Std. Deviation Rank 
Economic value 
1 Construction time 4.73 11 .467 1 
2 Production 4.64 11 .674 2 
3 Labour cost 4.45 11 .688 3 
4 Material costs 4.27 11 .647 4 
5 Transportation and lifting 4.27 11 .905 4 
6 Design stage adoption 4.18 11 .405 6 
7 Lead-times 4.18 11 1.079 6 
8 Disposal costs 4.09 11 .944 8 
9 Life cycle costs 4.09 11 .944 8 
10 Maintenance and operation costs 4.00 11 .632 10 
11 Initial construction costs 4.00 11 1.000 10 
12 Speed of return on investment 3.36 11 1.027 12 
Ecological performance 
13 Waste generation 4.55 11 .522 1 
14 Waste disposal 4.45 11 .522 2 
15 Site disruption 4.36 11 .674 3 
16 Environment administration 4.27 11 .467 4 
17 Water consumption 4.27 11 .786 4 
18 Recyclable / renewable contents 4.18 11 .603 6 
19 Ecology preservation 4.09 11 .701 7 
20 Pollution generation 4.00 11 .775 8 
21 Reusable / recyclable elements 4.00 11 .894 8 
22 Land use 4.00 11 .632 8 
23 Material consumption 3.91 11 .944 11 
24 Inclusive environment 3.82 11 .982 12 
25 Energy consumption in design and construction 3.64 11 .924 13 
26 Embodied energy 3.64 11 1.027 13 
27 Health of occupants (indoor air quality) 3.36 11 1.206 15 
28 Operational energy 3.36 11 1.027 15 
Social equity and culture 
30 Knowledge and skills 4.91 11 .302 1 
31 Labour availability 4.27 11 .467 2 
32 Working conditions 4.18 11 .751 3 
33 Public awareness 4.18 11 .603 3 
34 Workers’ health and safety 4.00 11 .632 5 
35 Community disturbance 4.00 11 .894 5 
36 Public participation 4.00 11 .775 5 
37 Participation and control 3.91 11 .831 8 
38 Site attributes 3.91 11 .539 8 
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39 Aesthetic options 3.91 11 .944 8 
40 Physical space 3.91 11 .831 8 
41 Local economy 3.73 11 1.104 12 
42 Influence on job market 3.64 11 1.206 13 
43 Disaster preparedness 3.64 11 1.286 13 
44 Principles and values 3.45 11 1.128 15 
45 Traffic congestion 3.36 11 1.027 16 
Technical quality 
45 Durability 4.73 11 .467 1 
46 Defects and damages 4.45 11 .522 2 
47 Loading capacity 4.36 11 .924 3 
48 Constructability 4.36 11 .505 3 
49 Usage efficiency 4.18 11 .751 5 
50 Adaptability and flexibility 4.18 11 .603 5 
51 Integration of building services 4.00 11 1.000 7 
52 Integration of supply chains 4.00 11 .632 7 
53 Technology 3.91 11 .831 9 
Implementation and enforcement 
54 Standardisation 4.55 11 .522 1 
55 Policy and strategy match 4.36 11 .505 2 
56 Procurement system 4.27 11 .905 3 
57 Governance 4.09 11 .539 4 
58 Legislation 4.09 11 .831 4 
59 Design standard and project function 4.09 11 .944 4 
60 Integrated environmental and economic program 4.09 11 .831 4 
61 Project control guidelines 4.00 11 1.265 8 
62 Building capacity 3.82 11 .982 9 
 
4.5.9 Sustainability Factors for IBS Application: Perspectives of Authorities / 
Government Agencies 
The results as set out in Table 4-7 indicate that the significance level of 
sustainability factors for IBS application according to the government 
authorities/agencies differ from the responses from other stakeholders. Out of 62 
factors, 21 factors were identified by the government authorities/agencies as very 
significant (i.e. with a mean value of more than 4.00). The highest rated 
sustainability factors were “waste disposal” (mean = 4.64), “construction time” 
(mean = 4.56), “knowledge and skills” (mean = 4.50), “labour availability” (mean = 
4.44), “standardisation” (mean = 4.44), “production” (mean = 4.38), “waste 
generation” (mean = 4.29),  “legislation” (mean = 4.29), “integrated environmental 
and economic program” (mean = 4.21), “durability” (mean = 4.19), 
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“constructability” (mean =4.19), “working conditions” (mean = 4.19), “workers’ 
health and safety” (mean = 4.19), “procurement system” (mean = 4.14), “design 
standard and project function” (man = 4.14), “labour cost” (mean = 4.13), 
“community disturbance” (mean = 4.13), “material consumption” (mean = 4.07), 
“health of occupants (indoor air quality)” (mean = 4.07), “ecology preservation” 
(mean = 4.07) and “adaptability and flexibility” (mean = 4.06). 
In the economic value category, the survey revealed that government 
authorities/agencies were more concerned about completing IBS buildings within the 
period allocated and with the quality expected. “Construction time” was rated as the 
most significant factor and “production” as the second most significant. “Labour 
cost” was the third most significant factor in improving sustainability. In Malaysia, 
labour usage has been identified as the most critical element in the construction 
industry due to a severe shortage of local workers (Abdul Kadir, et al., 2006). The 
cost to train and promote local workers to participate in this industry may be the 
major issue in improving sustainability from this category. Moreover, willingness 
from the local community to participate in this industry also needs to be studied. On 
the other hand, “initial construction cost” and “material cost” were least significant to 
sustainability among the government authorities/agencies. “Transportation and 
lifting” was rated at the bottom of the list.  
In the ecological performance category, the ability to manage construction 
waste in terms of “waste disposal” and “waste generation” were rated as the most 
significant factors among government authorities/agencies. It is important to provide 
an effective plan for disposing unwanted waste and minimising construction waste. 
Conversely, the government authorities/agencies rated “reusable/recyclable 
elements” and “recyclable/renewable contents” as least significant in IBS 
application. The components of IBS can be reused or recycled in other buildings 
when the building is later demolished or dismantled. Moreover, fly ash, silica fume 
or blast-furnace slag can be used as alternative materials in producing IBS 
components.  
In the social equity and culture category, “labour availability” and “knowledge 
and skills” were rated as the most significant factors among government 
authorities/agencies. They were also concerned about the workers involved in the 
IBS application. “Working conditions” and “workers’ health and safety” were among 
 Chapter 4: Questionnaire Survey 120 
the top factors in improving sustainability. The ability of IBS applications to increase 
economic opportunities to local communities by encouraging the use of local 
resources and offering employment opportunities was rated as the least significant 
compared to other factors.  
In the technical quality category, “durability” and “constructability” were rated 
as the two top factors which have a significant impact on sustainability. Richard 
(2005) states that simplification is the goal of an IBS application. An IBS application 
provides ease for construction, simplification, dimension coordination and design 
integration for overall requirements. Moreover, more durable buildings will have a 
long usable life and are cost-effective. Therefore, these factors have a huge potential 
for improving sustainability.  
In the implementation and enforcement category, “standardisation” was rated 
as the priority for the respondents in the government authorities/agencies group. 
Similar to the researchers/academics, the respondents in this group are also 
concerned about legal documentation and procedures. “Legislation” was rated as the 
second most significant factor.  The two factors which received a mean lower than 
4.00 were “building capacity” and “policy and strategy match”. The survey reveals 
that building capacity was rated as the least significant factor in this category for all 
groups.  
Table 4-7: Government authorities/agencies’ rating of sustainability factors for IBS applications 
 Sustainability factors Mean N Std. Deviation Rank 
Economic value 
1 Construction time 4.56 16 .727 1 
2 Production 4.38 16 1.025 2 
3 Labour cost 4.13 16 1.088 3 
4 Lead-times 4.00 16 .516 4 
5 Maintenance and operation costs 4.00 16 .730 4 
6 Disposal costs 4.00 16 .816 4 
7 Speed of return on investment 4.00 16 .730 4 
8 Life cycle costs 3.94 16 .680 8 
9 Design stage adoption 3.75 16 1.125 9 
10 Initial construction costs 3.56 16 1.209 10 
11 Material costs 3.56 16 1.094 10 
12 Transportation and lifting 3.44 16 1.153 12 
Ecological performance 
13 Waste disposal 4.64 14 .633 1 
14 Waste generation 4.29 14 .726 2 
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 Sustainability factors Mean N Std. Deviation Rank 
15 Material consumption 4.07 14 .829 3 
16 Health of occupants (indoor air quality) 4.07 14 .829 3 
17 Ecology preservation 4.07 14 .730 3 
18 Energy consumption in design and construction 3.93 14 .730 6 
19 Water consumption 3.86 14 .864 7 
20 Inclusive environment 3.86 14 1.099 7 
21 Embodied energy 3.86 14 .663 7 
22 Pollution generation 3.86 14 .864 7 
23 Environment administration 3.79 14 .802 11 
24 Site disruption 3.75 16 1.125 12 
25 Operational energy 3.64 14 .745 13 
26 Land use 3.64 14 .842 13 
27 Recyclable / renewable contents 3.43 14 1.089 15 
28 Reusable / recyclable elements 3.36 14 1.277 16 
Social equity and culture 
30 Knowledge and skills 4.50 16 .632 1 
31 Labour availability 4.44 16 .727 2 
32 Working conditions 4.19 16 .655 3 
33 Workers’ health and safety 4.19 16 .834 3 
34 Community disturbance 4.13 16 .806 5 
35 Principles and values 4.00 16 .816 6 
36 Influence on job market 4.00 16 .632 6 
37 Traffic congestion 4.00 16 .816 6 
38 Aesthetic options 3.94 16 .998 9 
39 Site attributes 3.94 16 .772 9 
40 Participation and control 3.88 16 1.088 11 
41 Physical space 3.88 16 1.088 11 
42 Public awareness 3.86 14 1.231 13 
43 Disaster preparedness 3.64 14 1.082 14 
44 Public participation 3.57 14 1.222 15 
45 Local economy 3.44 16 1.153 16 
Technical quality 
45 Durability 4.19 16 .834 1 
46 Constructability 4.19 16 .911 1 
47 Adaptability and flexibility 4.06 16 .854 3 
48 Usage efficiency 4.00 16 .816 4 
49 Defects and damages 3.94 16 .772 5 
50 Integration of building services 3.81 16 .981 6 
51 Integration of supply chains 3.63 16 1.088 7 
52 Technology 3.63 16 .806 7 
53 Loading capacity 3.50 16 1.095 9 
Implementation and enforcement 
54 Standardisation 4.44 16 .629 1 
55 Legislation 4.29 14 .825 2 
56 Integrated environmental and economic program 4.21 14 .579 3 
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 Sustainability factors Mean N Std. Deviation Rank 
57 Procurement system 4.14 14 .949 4 
58 Design standard and project function 4.14 14 .663 4 
59 Governance 4.00 14 .679 6 
60 Project control guidelines 4.00 14 .784 6 
61 Policy and strategy match 3.93 14 .616 8 
62 Building capacity 3.57 14 1.016 9 
4.5.10 Comparison of Rankings among Key Stakeholders 
The distributions of the rankings between key stakeholders varied according to 
the function of their organisations and their experience in conducting construction 
works. The comparison of ratings of sustainability factors for IBS applications 
among industry stakeholders are shown in Table 4-8. In regard to economic value, 
the highest ranking by all respondents was “construction time” (mean value = 4.64). 
This factor was selected by the entire key stakeholders as the most significant factor 
in this category. Shorter construction time will reduce cost related to the construction 
operations such as machinery rental costs and also can generate earlier income for 
clients. Therefore, it can be concluded that time is considered to be the most 
important factor in increasing financial profits in IBS applications; this is parallel to 
the traditional project management objectives of time, cost and quality. “Production” 
(mean value = 4.52) and “labour cost” (mean value = 4.39) were both ranked as the 
second and third most significant factors. The next five factors on the ranking are 
directly related to cost, namely, “labour cost” (mean value = 4.39), “material cost” 
(mean value = 4.14), “maintenance and operation cost” (mean value = 4.13), “life 
cycle cost” (mean value = 4.08) and “disposal cost” (mean value = 3.92).  
In the ecological performance category, waste management factors were 
ranked as the top factors in improving sustainability. These factors were “waste 
generation” (mean value = 4.50) and “waste disposal” (mean value = 4.38). “Material 
consumption” (mean value = 4.28) was ranked as the third most significant factor in 
this category. The importance of using recycled or renewable materials is highlighted 
by stakeholders, with this factor ranked as the fourth most significant factor. To 
complete the top five in the list, “site disruption” was ranked in the fifth place in the 
list by the stakeholders. It is interesting to note that “embodied energy” and 
“environment administration” received a higher rating by the designer/consultant 
group compared to the other groups. This indicates that the designers/consultants are 
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more concerned about  minimising energy consumption and efficiently managing the 
environment than the other stakeholder groups. 
In the social equity and culture category, “knowledge and skills” (mean value = 
4.45) was ranked as the most significant factor in improving sustainability for this 
category. Although “working conditions” (mean value = 4.33) was ranked as the first 
in this category by contractors and manufacturers, it becomes second when ranked by 
all stakeholders. The third factor in the list was “labour availability” (mean value = 
4.30), followed by “workers’ health and safety” (mean value = 4.14) and “site 
attributes” (mean value = 4.10) as numbers four and five in the list.  
In the technical quality category, “constructability” (mean value = 4.45) was 
the top factor in improving sustainability. Simplification and ability to be built are 
very important to ensure the construction process runs as smoothly as scheduled. 
“Defects and damages” (mean value = 4.41) was ranked as the second most 
significant factor in this category. “Durability” (mean value = 4.36) was ranked third 
and “usage efficiency” was ranked fourth in the list of significant factors. The fifth 
factor in the top ranked factors was “adaptability and flexibility”. It is important to 
note that the majority of the respondents ranked “technology” as the least significant 
factor compared to other potential factors. 
In the implementation and enforcement category, the highest potential factor 
on the list was “procurement system” (mean value = 4.37). This factor was ranked at 
the top by the respondents together with “standardisation” (mean value = 4.33) and 
“legislation” (mean value = 4.19). “Project control guidelines” (mean value = 4.14) 
was ranked as the fourth most significant factor in improving sustainability for IBS 
application. The fifth most significant factor in this category was “policy and strategy 
match” (mean value = 4.09). Interestingly, all the respondents ranked “building 
capacity” (mean value = 3.60) as the last factor in the list for this category, making it 
the least significant compared to other potential factors.  
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Table 4-8: Comparison of ratings of sustainability factors for IBS applications among industry stakeholders 
No. Sustainability Factors 
All Ranking According to Organisation Groups 
Ranking Mean Designer/ 
Consultant 
Contractor Manufacturer User Client Researcher Authority 
 Economic value 
1 Construction time 1 4.64 1 2 1 1 1 1 1 
2 Production 2 4.52 2 1 3 3 2 2 2 
3 Labour cost 3 4.39 3 3 1 2 3 3 3 
4 Material costs 4 4.14 6 4 4 4 4 4 10 
5 Maintenance and operation costs 5 4.13 3 5 7 5 5 9 4 
6 Life cycle costs 6 4.08 6 5 5 5 6 7 8 
7 Disposal costs 7 3.92 11 9 10 7 6 7 4 
8 Speed of return on investment 8 3.90 10 7 7 8 8 11 4 
9 Lead-times 9 3.83 5 11 5 10 9 5 4 
10 Design stage adoption 10 3.82 8 9 10 9 10 5 9 
11 Initial construction costs 11 3.74 9 8 9 11 10 9 10 
Ecological performance 
12 Waste generation 1 4.50 1 4 2 1 1 1 2 
13 Waste disposal 2 4.38 2 7 6 3 2 2 1 
14 Material consumption 3 4.28 6 2 1 3 2 12 3 
15 Recyclable / renewable contents 4 4.12 5 6 2 3 10 7 15 
16 Site disruption 5 4.10 8 3 14 14 4 3 11 
17 Transportation and lifting  6 4.08 10 1 7 11 14 4 14 
18 Reusable / recyclable elements 6 4.08 8 5 2 6 7 9 16 
19 Ecology preservation 8 4.04 4 16 2 8 4 8 3 
20 Water consumption 9 4.01 9 8 7 6 13 4 7 
21 Embodied energy 9 4.01 3 12 10 2 4 13 7 
22 Environment administration 11 3.99 3 14 7 11 9 4 10 
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No. Sustainability Factors 
All Ranking According to Organisation Groups 
Ranking Mean Designer/ 
Consultant 
Contractor Manufacturer User Client Researcher Authority 
23 Pollution generation 12 3.96 5 13 10 11 7 9 7 
24 Health of occupants (indoor air 
quality) 
13 3.92 7 8 14 10 10 15 3 
25 Operational energy 14 3.83 8 10 13 8 15 15 12 
26 Energy consumption in design and 
construction 
15 3.80 9 11 10 16 12 13 6 
27 Land use 16 3.78 7 14 16 14 15 9 12 
 Social equity and culture 
28 Knowledge and skills 1 4.45 1 3 9 6 1 1 1 
29 Working conditions 2 4.33 3 1 1 8 2 3 3 
30 Labour availability 3 4.30 2 5 2 6 3 2 2 
31 Workers’ health and safety 4 4.14 3 6 8 3 6 5 3 
32 Site attributes 5 4.10 6 3 13 3 6 8 9 
33 Community disturbance 6 4.04 5 12 11 1 5 5 5 
34 Traffic congestion 7 4.01 10 2 9 8 14 17 6 
35 Aesthetic options 8 3.96 12 10 5 3 6 8 9 
36 Participation and control 9 3.94 9 9 11 8 6 8 11 
37 Inclusive environment 10 3.93 8 7 13 13 6 12 13 
38 Public awareness 10 3.93 14 13 2 11 11 3 13 
39 Physical space 12 3.91 10 10 4 11 14 8 11 
40 Principles and values 13 3.90 6 15 13 1 4 16 6 
41 Local economy 14 3.84 12 8 5 14 11 13 17 
42 Public participation 15 3.78 14 15 5 15 13 5 16 
43 Influence on job market 16 3.67 16 14 16 17 16 14 6 
44 Disaster preparedness 17 3.49 16 17 17 16 17 14 15 
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No. Sustainability Factors 
All Ranking According to Organisation Groups 
Ranking Mean Designer/ 
Consultant 
Contractor Manufacturer User Client Researcher Authority 
 Technical quality 
45 Constructability 1 4.45 3 1 1 2 1 3 1 
46 Defects and damages  2 4.41 1 2 2 1 3 2 5 
47 Durability  3 4.36 4 3 2 4 4 1 1 
48 Usage efficiency 4 4.30 2 5 4 2 1 5 4 
49 Adaptability and flexibility 5 4.10 9 3 7 7 9 5 3 
50 Loading capacity 6 4.08 7 6 4 4 6 3 9 
51 Integration of supply chains 7 3.99 8 7 6 8 5 7 7 
52 Integration of building services 8 3.92 6 9 7 4 6 7 6 
53 Technology 9 3.89 5 8 9 9 8 9 7 
Implementation and enforcement 
54 Procurement system 1 4.37 1 1 2 1 2 3 4 
55 Standardisation 2 4.33 4 2 4 2 7 1 1 
56 Legislation 3 4.19 2 5 1 5 1 4 2 
57 Project control guidelines 4 4.14 6 3 4 3 7 8 6 
58 Policy and strategy match 5 4.09 8 5 2 6 2 2 8 
59 Design standard and project function 6 4.08 3 7 4 8 5 4 4 
60 Governance 7 4.07 5 4 4 6 5 4 6 
61 Integrated environmental and 
economic program 
8 4.05 7 8 8 3 4 4 3 
62 Building capacity 9 3.60 9 9 9 9 9 9 9 
  Kendall’s coefficient of concordance = 0.104; Level of significance = 0.000 
  “Mean” score: 1 = very insignificant and 5 = very significant 
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4.5.11 Critical Sustainability Factors for IBS Application  
The ranking of the sustainability factors was carried out based on their mean 
values. In selecting the critical factors, the cut-off mean value is 4.00 which 
represents “significant”. Out of the 62 factors identified in the literature review, only 
37 factors were rated by the respondents as “significant” and “very significant” 
(mean ≥ 4.00). Standard deviations show how much variation exists from the mean 
evaluated in the analysis. Table 4-9 summarises the descriptive and inferential 
statistics for the factors of those “more” significant factors contributing to 
sustainability in IBS construction. Standard deviations show uniformity with most 
below 1, thus representing good data accuracy in this research. 
Table 4-9: Ranking of the 37 sustainability factors for IBS construction 
Sustainability factors Mean Std. Deviation 
Mean 
ranking t-value 
Construction time 4.64 .665 1 10.380* 
Production 4.52 .742 2 7.545* 
Waste generation 4.50 .792 3 6.652* 
Constructability 4.45 .728 4 6.657* 
Knowledge and skills 4.45 .797 5 6.081* 
Defects and damages 4.41 .687 6 6.380* 
Labour cost 4.39 .780 7 5.379* 
Waste disposal 4.38 .838 8 4.828* 
Procurement system 4.37 .722 9 5.472* 
Durability 4.36 .797 10 4.798* 
Working conditions 4.33 .734 11 4.827* 
Standardisation 4.33 .769 12 4.607* 
Usage efficiency 4.30 .728 13 4.486* 
Labour availability 4.30 .900 14 3.626* 
Material consumption 4.28 .785 15 3.837* 
Legislation 4.19 .915 16 2.262* 
Workers’ health and safety 4.14 .926 17 1.611 
Material costs 4.14 .981 18 1.520 
Project control guidelines 4.14 .895 19 1.682* 
Maintenance and operation costs 4.13 .755 20 1.852* 
Recyclable / renewable contents 4.12 .974 21 1.352 
Adaptability and flexibility 4.10 .917 22 1.118 
Site attributes 4.10 .868 23 1.181 
Site disruption 4.10 .868 24 1.181 
Policy and strategy match 4.09 .851 25 1.105 
Life cycle costs 4.08 .829 26 1.013 
Design standard and project function 4.08 .918 27 0.923 
Transportation and lifting 4.08 1.036 28 0.810 
Reusable / recyclable elements 4.08 1.010 29 0.838 
Loading capacity  4.08 .909 30 0.923 
Governance 4.07 .904 31 0.833 
Integrated environmental and economic 
program 
4.05 .943 32 0.598 
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Sustainability factors Mean Std. Deviation 
Mean 
ranking t-value 
Community disturbance 4.04 .940 33 0.496 
Ecology preservation 4.04 .976 34 0.482 
Embodied energy 4.01 .987 35 0.100 
Traffic congestion 4.01 .940 36 0.095 
Water consumption 4.01 1.031 37 0.091 
*Critical sustainable factors with t-value > 1.6598  
  Kendall’s coefficient of concordance = 0.104; Level of significance = 0.000 
  “Mean” score: 1 = very insignificant and 5 = very significant 
 
The most significant factor is “construction time” (rank 1). This finding echoes 
the notion that “construction time” is the most important criteria in construction 
method selection (Chen, et al., 2010b). Also, as expected, “production” is the second 
most significant factor. Jailoon and Poon (2010) found that there is a common view 
among key stakeholders that IBS has the potential to improve production quality 
control, which leads to a better end product. Both of these most significant factors 
can improve IBS sustainability in the economic dimension.  
The institutional dimension is one of the four major pillars in achieving 
sustainable deliverables (Spangenberg, 2004). Many factors in this dimension are 
ranked as “significant” or “very significant” in this research, such as “governance”, 
“integrated environmental and economic programme”, “design standard and project 
function”, and “standardisation”. Moreover, such levels of ranking show balanced 
considerations for all aspects of sustainability. 
 As discussed earlier, the critical t-test value of 1.6598 was applied, which left 
18 critical factors, namely: “construction time”, “production”, “waste generation”, 
“constructability”, “knowledge and skills”, “defects and damages”, “labour cost”, 
“waste disposal”, “procurement system”, “durability”, “working conditions”, 
“standardisation”, “usage efficiency”, “labour availability”, “material consumption”, 
“legislation”, “project control guidelines” and “maintenance and operation costs”.  
4.5.12 Agreement on Critical Sustainability Factors 
Kendall’s coefficient of concordance measures the agreement of respondents 
on ranked factors. From the analysis, the coefficient value for critical factors is 
0.104, which statistically shows that the respondents have different preferences and 
even conflicts in determining the most important factors (Table 4-10). To improve 
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the common understanding of key stakeholders in IBS construction, each group is to 
be assessed and analysed before the critical factors can be finalised. 
Agreements across the seven organisations are very important in developing 
guidelines for decision-making and should be investigated in detail to get a clear 
picture of the inter-relationship between these factors. It is important to note that 
Kendall’s coefficient of concordance can identify the agreement levels but it cannot 
investigate whether there are significant differences in the stakeholders’ rankings of 
the significance levels. To address this issue, Kruskal-Wallis one-way ANOVA was 
used.  
The Kruskal-Wallis one-way ANOVA test revealed that there was no 
significant difference between various stakeholder organisations for 13 sustainable 
factors (Table 4.10). They have a consensus regarding the perceptions and 
expectations in achieving sustainability. On the other hand, five factors have slight 
differences across the key stakeholders. They are: (1) constructability, (2) defects and 
damages, (3) labour cost, (4) material consumption, and (5) legislation. It is 
interesting to note that although “constructability” is among the top five critical 
factors, the seven groups ranked it at different significance levels.  
Among these five factors, manufacturers and users have a different agreement 
to other groups in determining the significance level of “defects and damages”, 
“labour cost”, and “material consumption”. A possible reason may be that 
manufacturers and users are only involved with the end product, which is contrary to 
other groups which play their roles in the briefing, design, and construction stages.  
Most of the decision-makers consider available options or potential factors based on 
their familiarity and personal preferences (Idrus & Newman, 2002).  
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Table 4-10: Kruskal-Wallis statistic for 18 critical sustainability factors in IBS 
 Sustainability Factors Scale details Mean Mean Rank Kruskal-Wallis 
statistics (χ2) 
p-value 
Mean SD Rank t-value G.1 G.2 G.3 G.4 G.5 G.6 G.7 
1 Construction time 4.64 .665 1 10.380 48.48 55.37 66.04 71.26 54.86 59.50 55.38 8.906 0.179a 
2 Production 4.52 .742 2 7.545 43.07 65.78 63.23 60.76 56.64 63.32 56.75 8.544 0.201a 
3 Waste generation 4.50 .792 3 6.652 54.64 52.76 58.00 71.88 61.86 54.36 45.71 8.327 0.215a 
4 Constructability 4.45 .728 4 6.657 40.74 71.98 75.35 63.35 55.25 49.77 48.84 20.032 0.002b 
5 Knowledge and skills 4.45 .797 5 6.081 64.02 49.20 44.04 62.21 57.61 76.36 57.34 10.772 0.096a 
6 Defects and damages 4.41 .687 6 6.380 53.52 59.09 74.65 71.26 54.39 57.82 37.97 15.425 0.017b 
7 Labour cost 4.39 .780 7 5.379 40.12 59.28 77.42 70.06 55.50 59.32 52.31 16.631 0.010b 
8 Waste disposal 4.38 .838 8 4.828 54.95 47.96 59.15 66.15 54.11 55.00 66.29 5.655 0.463a 
9 Procurement system 4.37 .722 9 5.472 53.81 50.17 57.96 73.62 60.25 54.91 50.32 7.791 0.254a 
10 Durability 4.36 .797 10 4.798 44.67 60.46 73.81 63.21 50.04 71.77 51.09 12.464 0.052a 
11 Working conditions 4.33 .734 11 4.827 47.29 61.76 77.50 61.97 59.79 50.86 49.94 10.592 0.102a 
12 Standardisation 4.33 .769 12 4.607 53.17 49.76 54.12 73.56 54.54 65.14 60.94 8.033 0.236a 
13 Usage efficiency 4.30 .728 13 4.486 49.19 60.28 66.96 70.62 62.71 52.23 45.44 9.498 0.147a 
14 Labour availability 4.30 .900 14 3.626 50.86 55.11 66.65 66.85 57.57 49.86 61.06 4.875 0.560a 
15 Material consumption 4.28 .785 15 3.837 43.40 55.98 79.42 71.26 59.36 44.18 48.64 18.429 0.005b 
16 Legislation 4.19 .915 16 2.262 57.14 39.65 62.92 68.94 68.14 50.73 59.07 13.200 0.040b 
17 Project control guidelines 4.14 .895 17 1.682 53.40 50.02 57.00 76.32 58.25 56.36 49.64 9.125 0.167a 
18 Maintenance and operation costs 4.13 .755 18 1.852 51.14 62.54 65.35 67.68 54.79 51.14 51.75 5.380 0.496a 
 * df for Kruskal-Wallis test = 6             
    G.1-designer /consultant; G.2-contractor; G.3-manufacturer; G.4-user; G.5-client; G.6-research/academic institution; G.7- government authority/agency 
    ap-value > .05 = there are no differences between the mean ranks of the sustainability factors for IBS between respondent organisations.  
    bp-value < .05 = there are differences between the mean ranks of the sustainability factors for IBS between respondent organisations.  
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The Mann-Whitney test explores the differences between two independent 
groups on a continuous measure. The score on the continuous variable for the two 
comparable groups is converted to ranks in order to evaluate whether the ranks differ 
significantly. Test results in this study are shown in Table 4-11. It is notable that the 
designer/consultant group has a different focus in improving IBS sustainability in 
regard to four factors, namely: 1) “constructability”, 2) “defects and damages”, 3) 
“labour cost” and 4) “material consumption”. The designer/consultant group was 
found to have a different perception on the significance level of “defects and 
damages” and “labour cost” compared to the contractor, manufacturer and user 
groups. For “legislation”, differences were identified between the contractor group 
and three other organisation groups (manufacturer, user and client). It is believed that 
from the institutional perspective, these organisations are more focused on the details 
in the legal documentation and regulations. On the contrary, the contractor group 
normally has a low level of concern about these issues because they are more 
focused on the physical activities. 
Table 4-11: Probability values in Mann-Whitney test on critical sustainable factors 
Groups Constructability Defects & 
damages 
Labour 
cost 
Material 
consumption 
Legislation 
G.1/G.2 0.114 0.030* 0.001* 0.524 0.053 
G.1/G.3 0.002* 0.001* 0.002* 0.046* 0.555 
G.1/G.4 0.009* 0.002* 0.026* 0.068 0.201 
G.1/G.5 0.132 0.094 0.156 0.925 0.261 
G.1/G.6 0.884 0.094 0.305 0.688 0.570 
G.1/G.7 0.567 0.342 0.487 0.132 0.870 
G.2/G.3 0.009* 0.052 0.648 0.094 0.032* 
G.2/G.4 0.067 0.218 0.307 0.155 0.006* 
G.2/G.5 0.717 0.695 0.065 0.617 0.012* 
G.2/G.6 0.241 1.000 0.018* 0.898 0.240 
G.2/G.7 0.404 0.468 0.016* 0.024* 0.058 
G.3/G.4 0.348 0.376 0.212 0.702 0.498 
G.3/G.5 0.050 0.028* 0.056 0.067 0.575 
G.3/G.6 0.004* 0.101 0.017* 0.120 0.255 
G.3/G.7 0.007* 0.037* 0.020* 0.003* 0.708 
G.4/G.5 0.232 0.126 0.439 0.103 0.926 
G.4/G.6 0.260 0.326 0.217 0.192 0.078 
G.4/G.7 0.980 0.116 0.177 0.003* 0.348 
G.5/G.6 0.879 0.757 0.663 0.756 0.106 
G.5/G.7 0.255 0.716 0.539 0.126 0.411 
G.6/G.7 0.279 0.552 0.828 0.077 0.533 
 Chapter 4: Questionnaire Survey 133 
Groups Constructability Defects & 
damages 
Labour 
cost 
Material 
consumption 
Legislation 
              *The probability value is significant at 0.05 level (2-tailed) 
                G.1-designer /consultant; G.2-contractor; G.3-manufacturer; G.4-user; G.5-client;  
                G.6- research/academic institution; G.7- government authority/agency 
 
              
Results of the above tests suggest that all the 18 factors can be statistically 
considered as the most significant and relevant. The respondents and their 
organisations represent different backgrounds and experiences which can either 
affect or be affected in IBS projects. As key stakeholders, their opinions and views 
are very important to stimulate sustainability deliverables in IBS construction. 
Therefore, the factors selected and ranked as critical will provide a sound basis upon 
which decision-making guidelines for IBS implementation can be based.  
4.6 MAIN FINDINGS OF THE QUESTIONNAIRE SURVEY 
The survey results highlight the following issues with regard to managing 
sustainability in IBS implementation: 
• Respondents selected 18 out of 62 factors as the critical factors to improve 
sustainability in IBS implementation. The factors are: 1) “construction 
time”, 2) “production”, 3) “waste generation”, 4) “constructability”, 5) 
“knowledge and skills”, 6) “defects and damages”, 7) “labour cost”, 8) 
“waste disposal”, 9) “procurement system”, 10) “durability”, 11) “working 
conditions”, 12) “standardisation”, 13) “usage efficiency”, 14) “labour 
availability”, 15) “material consumption”, 16) “legislation”, 17) “project 
control guidelines”, and 18) “maintenance and operation costs”. 
• No additional factors were provided by the industry stakeholders. This 
shows that the factors provided in the questionnaire represent a 
comprehensive study of the existing literature. 
• The critical factors provide a sound basis on which to develop decision-
making guidelines for sustainable IBS implementation. 
• There are similarities and differences between the key stakeholders 
according to their organisation types in rating the level of significance of 
the potential sustainability factors. For example, the perception between 
contractors and manufacturers are relatively similar (e.g., “construction 
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time”, “working condition” and “defects and damages” received similar 
rankings for their potential in improving sustainability for IBS 
implementation). On the other hand, some differences in the rankings of 
the significance level of sustainability factors were found between the 
organisations (e.g., the designer/consultant group was found to have 
different perceptions regarding the significance level of “defects and 
damages” and “labour cost” when compared to the contractors, 
manufacturers and users).   
• The critical factors represent a good combination of sustainability pillars. 
All aspects of sustainability pillars have been considered through the five 
identified categories of critical factors within ecological performance, 
social equity and culture, economic value, technical quality and 
implementation and enforcement. 
• The critical sustainability factors can be divided into three main phases of 
IBS implementation, namely: 1) the pre-construction stage, 2) construction 
stage, and 3) post-construction stage. The sequence of the factors can be 
established based on their roles in the IBS process. The flow and 
relationship of the factors are presented in the next section.  
• The institutional dimension is important in IBS implementation. Out of the 
identified 18 critical factors, four factors were identified as the critical 
factor in this dimension. These factors were: 1) legislation, 2) procurement 
system, 3) standardisation, and 4) project control guidelines.  
• Most of the critical sustainability factors are involved in the earlier stage 
which is during the pre-construction compared to the other two stages. The 
majority of the factors are in the “implementation and enforcement” 
category. 
4.6.1 Preliminary Conceptual Framework 
Based on the findings discussed in the previous section and the questionnaire 
survey results, a preliminary conceptual framework for guidelines is developed, as 
shown in Figure 4-8. The critical factors are group into five categories, namely: 
ecological performance; economic value; social equity and culture; technical quality; 
and implementation and enforcement. The content in this preliminary conceptual 
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framework was further explored and verified through the semi-structured interviews 
during the second data collection phase of this research. Furthermore, 
recommendations on how to improve sustainability for each factor were probed in 
the interviews to develop efficient decision-making guidelines.  
 
Figure 4-8: Preliminary conceptual framework for developing guidelines for decision-making in 
improving sustainable deliverables for IBS construction 
4.7 SUMMARY 
This chapter reported the results and findings from the first data collection tool 
used in this study which is the questionnaire survey. The findings answered the 
second research question: What are the elements that are emphasised by the key 
stakeholders to assess the level of sustainability for IBS construction? 
There were 18 factors identified as the critical factors for IBS implementation 
in this survey, namely: 1) “construction time”, 2) “production”, 3) “waste 
generation”, 4) “constructability”, 5) “knowledge and skills”, 6) “defects and 
damages”, 7) “labour cost”, 8) “waste disposal”, 9) “procurement system”, 10) 
“durability”, 11) “working conditions”, 12) “standardisation”, 13) “usage 
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efficiency”, 14) “labour availability”, 15) “material consumption”, 16) “legislation”, 
17) “project control guidelines”, and 18) “maintenance and operation costs”. 
No additional factors were suggested by the participants for inclusion in this 
research. Most of them did not provide comments or suggestions to improve 
sustainability but some agreed to participate in further research. This agreement 
created an advantage for the research as these participants could be contacted for 
further investigation. 
Knowing the critical factors is important. But knowing how to deal with them 
requires appropriate and effective strategies. The first step was to establish the logic 
and structure for processing critical factors. To this end, five categories were used to 
separate the critical factors, namely: ecological performance; economic value; social 
equity and culture; technical quality; and implementation and enforcement. This 
categorisation extended the “triple bottom line” to include social, economic, 
environmental and institutional dimensions. A conception model was then created as 
a consideration and responsibility guide to coordinate a systematic IBS decision-
making approach (as shown above in Figure 4.8).  
The next phase of this research explored ways to process and respond to the 
critical factors. Through qualitative study, semi-structured interviews were 
conducted to explore in-depth information on each factor and formulate solutions or 
action plans to consider, encapsulate and improve IBS sustainability. These are 
discussed in the next chapter. 
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Chapter 5: Interviews 
5.1 INTRODUCTION 
The questionnaires provided a basic foundation for the research framework 
explained in the previous chapter. The framework was then presented and validated 
by key stakeholders during the next stage of data collection, which were the semi-
structured interviews. The other purpose of the interviews was to explore each 
identified potential factor in improving sustainability deliverables for IBS 
construction (Figure 5-1). According to the research design (refer to Chapter 3 and 
Figure 3-5), 20 semi-structured interviews were conducted with selected key 
stakeholders who had robust knowledge and experience in terms of IBS and 
sustainability. As highlighted in the previous chapter, this step was important in 
order to explore the critical sustainability factors and gain in-depth understanding, 
insights and suggestions prior to proceeding with the next steps.  
 
Figure 5-1: Role of Interviews in Overall Guideline Development Process 
This chapter explains in detail the process and findings of the interviews. 
Firstly, the participants’ selection and their background are discussed. Secondly, the 
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instruments used are described. Then, how the data was interpreted and analysed is 
explained before the interview results are discussed. Next, the main findings of the 
interviews are highlighted. Finally, the results and findings are summarised at the 
end of the chapter. 
5.2 PARTICIPANTS’ SELECTION AND THEIR BACKGROUND 
5.2.1 Selection of Interviewees 
Participation from appropriate respondents is important to ensure that the 
objectives of interviews can be achieved. In this research, the selection of 
interviewees was based on their current positions, professional background, relevant 
experience and availability during the schedule interview period. Similar to the 
procedure in the first stage of data collection, the details and information about 
potential respondents were gathered from professional databases of the Construction 
and Industry Development Board, Industrialised Building System Centre, and Green 
Building Index Malaysia. Together with this information, participants who stated 
their willingness to participate in the interview (Questionnaire Survey Form) were 
also contacted. Accordingly, 20 respondents agreed to participate in interviews from 
July to October 2011.  
5.2.2 Interviewee Background 
The particulars of the respondents and their organisations were recorded for 
further information and analysis. It is important to ensure the respondents had the 
capability to provide valuable information based on their experiences and 
knowledge. Details of the respondents are presented in Table 5-1. 
Table 5-1: Details of the respondents and their organisations 
ID Stakeholder 
Type 
Interviewee 
Position 
Sector Experience 
(years) 
Interview 
Type 
C1 Contractor Project Manager Private 20 Face-to-
face 
C2 Contractor Construction 
Manager 
Private 18 Face-to-
face 
C3 Contractor Senior Engineer Private 13 Phone 
C4 Contractor Project Engineer Private 11 Phone 
D1 Designer Managing Director Private 28 Face-to-
face 
D2 Designer Director Private 15 Face-to-
face 
D3 Designer Associate Director Private 17 Face-to-
face 
 Chapter 5: Interviews 139 
ID Stakeholder 
Type 
Interviewee 
Position 
Sector Experience 
(years) 
Interview 
Type 
D4 Designer Senior Manager Private 14 Phone 
D5 Designer Senior Engineer Private 12 Phone 
M1 Manufacturer Chief Executive 
Officer  
Private 25 Face-to-
face 
M2 Manufacturer Chief Executive 
Officer  
Private 14 Face-to-
face 
M3 Manufacturer Operational 
Manager 
Private 10 Phone 
A1 Authority Senior Principal 
Assistant Director 
Government 26 Face-to-
face 
A2 Authority Senior Assistant 
Director 
Government 14 Face-to-
face 
CL1 Client Senior Engineer Government 10 Face-to-
face 
CL2 Client Senior Manager Private 23 Face-to-
face 
R1 Researcher/ 
Academician 
Manager Government 15 Face-to-
face 
R2 Researcher/ 
Academician 
Executive Director Government 25 Face-to-
face 
RU1 User School Principal Government 20 Face-to-
face 
RU2 User House Owner Private 11 Face-to-
face 
As shown in Table 5-1, the professional roles of the interviewees were diverse 
and represented key stakeholders in IBS applications. The selection of the interview 
respondents was based on their qualification and experience in IBS implementation. 
Their organisations play an important role in this industry and it was hoped this 
would help to provide diverse and different perspectives regarding the identified 
factors. All of the respondents had more than 10 years experience in IBS 
implementation. Most of them occupied higher positions in their organisations such 
as project manager, senior engineer and chief executive officer. Thus, it was 
expected that the information, insights and recommendations provided by the 
interviewees would be highly valuable and useful in the formulation of efficient 
guidelines for decision-making in this research. 
5.3 INTERVIEW INSTRUMENTS 
There are several processes involved before an interview session can be 
executed. In this study, the potential respondents were contacted by email or phone 
to set the date and interview location. There were two options for carrying out the 
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interview session: either by phone or face-to-face. Each interviewee was provided 
with the following information before the interview session commenced: 
• Interview Participant Information Sheet (Appendix III) 
• Consent Form for a QUT Research Project (Appendix IX) 
• Interview question sheet 
• Conceptual framework (Figure 4-8). 
A letter of invitation was sent through email or by post with the above 
information to explain about the interview objective and to allow participants to be 
prepared for the interview session. For example, the participants could visualise the 
interviews and prepared answers to the questions provided in order to better assist the 
interviewer to achieve the research objectives. All the face-to-face interviews were 
conducted in Malaysia and most of them were held at the participant’s office or 
workstation. Five interviews were conducted on the phone because of the 
geographical constraints. The phone interviews were conducted when the researcher 
was in Australia. Most of the interview sessions took approximately one and a half 
hours. The minimum duration for the interview sessions was one hour. 
In each interview session, the researcher first introduced himself to the 
interviewee in order to break the ice. The researcher’s background was briefly 
explained before the objectives of the interviews were verbally explained. The 
researcher verified whether the interviewee had read the information provided, and 
that he or she understood the content of those documents. Then, the researcher asked 
for a signed consent form for record-keeping purposes. If the interviewees allowed 
their conversation to be recorded, a digital recorder was used. Most of the 
interviewees agreed for the interview conversation to be recorded. 
5.4 INTERVIEW FORMAT AND STRUCTURE 
The questions in the semi-structured interviews were designed based on the 
results in the questionnaire survey. As discussed in Section 4.5.11, 18 critical factors 
were identified in this research. The purposes of the interviews were to investigate 
in-depth and formulate a solution on how to improve sustainability in each factor. 
The questions were qualitative in nature, which provided the opportunity for the 
interviewees to share their insights and expand the understanding. The main question 
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for each factor focused on how the factor can improve sustainability. The main 
interview questions are provided in Table 5-2. 
Table 5-2: Main interview questions 
No. Main Interview Questions 
Pre-construction stage 
1 What should we do to improve sustainable deliverables in IBS by legislation? 
2 In the procurement system for IBS construction, what should we do to improve 
sustainable deliverables? 
3 How to deal with standardisation in improving sustainability in IBS construction? 
4 What should we do to improve sustainable deliverables in IBS by using project control 
guidelines? 
5 How to deal with IBS production in order to improve sustainability? 
6 What should we do in ‘knowledge and skill ‘issue to improve sustainable deliverables 
in IBS construction? 
7 How to deal with ‘material consumption’ issue in improving sustainable deliverables 
for IBS construction? 
8 What should we do in ‘waste generation’ issue to improve sustainability in IBS 
construction? 
Construction stage 
9 How to deal with ‘labour availability’ issue in improving sustainable deliverables in 
IBS construction? 
10 How to deal with ‘defects and damages’ issue in improving sustainable deliverables 
for IBS construction? 
11 What we should do in ‘construction time’ issue to improve sustainable deliverables in 
IBS construction? 
12 What should we do in ‘labour cost’ issue to improve sustainable deliverables in IBS 
construction? 
13 What we should do in IBS constructability in order to improve sustainability? 
14 How to deal with ‘working condition’ issue in improving sustainable deliverables for 
IBS construction? 
Post-construction stage 
15 What should we do in durability issue to improve sustainable deliverables for IBS 
construction? 
16 How to deal with ‘maintenance and operation cost’ issue in improving sustainability 
for IBS construction? 
17 How to deal with ‘usage efficiency’ issue in improving sustainable deliverables for 
IBS construction? 
18 What should we do in ‘waste disposal’ issue to improve sustainability in IBS 
construction? 
 
It was expected that the respondents would share their suggestions and 
experiences about the actions that can be taken towards sustainability, including the 
strengths, weaknesses, opportunities and threats that might be faced for each critical 
factor. Additional questions were provided if the researcher thought that the main 
questions needed to be followed up. Examples of the additional questions are 
provided in Table 5-3. 
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Table 5-3: Follow-up questions (Adapted from Srivastava et al.  (2005)) 
Factors Additional Questions 
Strengths 
1. What are the advantages? 
2. What can this factor do well? 
3. What are the elements supporting this factor? 
Weaknesses 
1. What could be improved? 
2. What is not being done properly? 
3. What should be avoided? 
4. What obstacles prevent progress? 
5. Which elements need strengthening? 
6. Where are the complaints coming from? 
7. Are there any real weak links in the chain? 
Opportunities 
1. Where are the good chances facing the factor? 
2. What are the interesting trends? 
3. What benefit may occur? 
4. What changes in usual practices and available sustainable 
technology on both a broad and narrow scale may occur? 
5. What changes can be done by authorities to enhance this factor? 
Threats 
1. What are the obstacles for this factor? 
2. Are the required support and necessary facilities for this factor 
available? 
3. Is the changing technology or policy threatening the factor? 
4. Do the stakeholders show their interest and willingness for 
supporting the factor? 
 
The additional questions were intended to provide guidance to further 
investigation of each critical factor. As the interviews were semi-structured, the 
interview questions usually changed. For example, if the interviewee possessed a 
deep understanding of a certain factor, further questions were posed in order to gain 
more information.  
5.5 DATA INTERPRETATION AND ANALYSIS 
As discussed in section 3.4.7, the procedure adopted in this research can be 
presented into three main steps: 
Step 1: Fieldnotes, interview records and related images were sorted and 
organised to improve the accessibility of the data. All the data was reading through to 
ensure no important information missed. The interview records were fully 
transcribed into a text document.  
Step 2: The data was coded using NVivo software. The usage of this software 
helped in reducing the time for analysis and interpretation process. The data could be 
categorised into different theme, and any additional descriptions were added to 
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provide a clear picture within the context analysed (as shown in Figure 5-2). The 
interrelationship between themes and description were highlighted.  
 
Figure 5-2: NVivo Software Interface 
Step 3: The strengths, weaknesses, opportunities, threats and potential action 
plans were explored and interpreted from the available coding. The interpretation 
process provided a meaning of themes and descriptions in developing the SWOT 
frameworks and decision support guidelines. 
5.6 INTERVIEW ANALYSIS AND RESULTS  
5.6.1 Validation of the Proposed Framework 
The first objective of the semi-structured interviews was to validate the 
framework proposed for this study involving the critical sustainability factors and the 
process involved in IBS implementation (see Figure 4-8). The participants were 
informed about the development of the conceptual framework and how the critical 
factors were identified. The majority of the participants commented that the proposed 
framework was effective and successfully covered the major issues in sustainability. 
It is hoped this framework will assist decision-makers to make a holistic evaluation 
of sustainability and provide proper guidance in IBS implementation.  
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5.6.2 Pre-Construction Stage 
The pre-construction stage is the phase where a client’s needs are identified 
and then the appropriate design solutions are proposed by the consultants. Proper 
planning is required to ensure projects run smoothly and achieve targeted goals. In 
this study, the selected critical factors for improving sustainability in IBS were sorted 
in a logical sequence to help the stakeholders understand the process of 
improvement. For example, communication and co-ordination between the project’s 
participants is very important to ensure the achievement of sustainable goals. As 
discussed in the previous chapters, the integration of sustainability into construction 
projects fails because of a lack of consideration and information at the early stage. In 
this research, eight critical sustainable factors were identified in the pre-construction 
stage: 1) legislation, 2) procurement system, 3) standardisation, 4) project control 
guidelines, 5) production, 6) knowledge and skills, 7) material consumption and 8) 
waste generation. The interviewees’ comments in relation to each of these factors are 
discussed below.  
Legislation 
The vision to achieve sustainable development will not succeed if the policy 
approaches are weak and only have minimal legislation (Ross, 2010). Governments 
need to have strong policy and effective legislation for sustainable development. 
Legislation is required to compel compliance and adherence to best practice and 
promote consistency in interpretation and use. In Australia, legislation provides a 
platform for monitoring agencies to make recommendations on how to balance 
economic, social and environmental factors in resource management decisions 
(Jenkins et al., 2003). The legislation is able to address many current shortcomings in 
sustainable development, especially for the long term (Ross, 2010). As one of the 
identified critical factors, it can be expected that legislation will impact on the 
education system and improve the general understanding about the benefits of 
sustainability among the public and IBS stakeholders.  
The majority of participants commented on the positive impact on 
sustainability efforts even though some of the participants stated that they would not 
integrate sustainability unless there was government legislation forcing the adoption 
of sustainability in construction. Some of the important remarks in the interview 
sessions regarding the legislation factor are set out in Table 5-4.  
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Table 5-4: Remarks made in interviews about the legislation factor  
Legislation 
Action Plan Remarks 
Strong Legal 
machinery 
C2: “Sustainability is seeing as social obligation and not expected can 
give financial profits to the contractors. Moreover, it is not mandatory. 
High initial costs such as new equipments and management approaches 
are burden to us. However, rules and regulations are the only reasons to 
force us to integrate sustainability in building construction.”  
D1: “The mentality and the way of thinking among the construction 
players should be changed. Voluntary in doing something that not giving 
financial profit to them is almost impossible. Most of the Malaysian 
construction players need to be threaten with a stick or need to be coaxed 
with carrot.”  
M1: “The incentives and regulation provided by the Government is not 
sufficient. The initial cost for adopting IBS technology is too big. As a 
investors and builders from developing country, most of the technology are 
coming from the develop country such as German and Sweden, which we 
need to import an expensive machine at their currency. The contractor and 
manufacturer should get financial support and more incentives in order to 
encourage IBS adoption.” 
Organisation 
review 
C1: “As noticed, the Government plays an important role to improve the 
implementation of IBS. It is good if we can demonstrate to every party 
involved in construction about the advantages of IBS. Consideration of 
sustainability potential in each type or component of IBS application 
should be identified during early stages. If the integration of sustainability 
is included in contract documents and planning schedules, the 
implementation should be greater.”  
D3: “Legislation has the most significant implications to promote 
sustainability in IBS. Encouragement from the Government in IBS is seen 
as appropriate strategy to promote sustainability. Uniform Building by 
Law (UBBL) is used as the main document to fulfil a requirement for the 
construction works in Malaysia. The integration of sustainability in UBBL 
will force the designer to integrate sustainability in construction works.” 
Sustainability 
Officer 
CL1: “As client does not have wide experience in IBS constructions, an 
appointed authority that can help to inspect and approve buildings, 
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Legislation 
Action Plan Remarks 
building components, or building systems to comply with the codes, 
standards, specifications and requirements is essential. This will provide 
confidence to the client and user to use the completed IBS buildings. The 
certified officer shall approve compliance assurance programmes, which 
comply with the Standard Procedures.” 
Authorities’ 
Consensus 
R1: “Most of the time, contractor and manufacturer are the parties who 
have been blame as the sources of construction problems. This is not fair. I 
think the fragmentation of authorities also the major contribution in 
misunderstanding on the main objective of IBS projects”. 
Procurement System 
A procurement system is defined as the organisational structure used by the 
client in managing the design and construction process for a building project 
(Rwelamila et al., 2000). It is important to have a good procurement system to reduce 
the overall cost of projects and to improve economic efficiency. Inappropriate 
selection of the procurement system will result in ineffective communication and 
separation between the design and construction processes (Tam et al. 2007). To 
secure the whole life value, an effective procurement system will ensure the 
buildings are fit for purpose when completed. In the interview sessions, several 
methodologies were identified to ensure the effectiveness of the procurement system 
in improving sustainability. Some of the important remarks made by the interviewees 
regarding the role of the procurement system are set out in Table 5-5.  
Table 5-5: Remarks made in interviews about the procurement system factor 
Procurement System 
Action Plan Remarks 
Efficient and 
transparency in 
documentation 
system 
A2: “Procurement system in IBS implementation requires early 
involvement of the supply chain. Any shortage or miscommunication 
will delayed the project and increase construction cost.” 
Apply Just-in-time 
(JIT) 
 
M2: “From my opinion, procurement system is important as the main 
document controlling who and what to do for each participant. 
Effective supply chain management such as ‘Just-in-time’ able to 
reduce construction time, minimise storage area and efficient usage 
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Procurement System 
Action Plan Remarks 
of employees with multiple skills. However, proper planning and good 
communication are vital to eliminate problems on site.” 
Adopt Concurrent 
Engineering (CE) 
system 
 
D3: “With appropriate procurement system, concurrent engineering 
could be adopted in IBS implementation. Preferable procurement 
system in IBS is design and build. This type of procurement able to 
optimise the design of the project and its construction process by 
reducing lead times. This can be done by the integration of design, 
fabrication and construction in any possible parallel time.”  
Registered IBS 
System Providers 
(RISP) 
 
A1: “The Government encourage collaboration between large 
companies and SMEs in delivering IBS project for public projects.”  
“Registered IBS System Provider [RISP]” program was introduced to 
initiate this objective. Selected IBS vendor need to have ventured with 
at least 5 SME’s before being listed as RISP, who are eligible to 
undertake government projects.” 
Green Procurement 
& Life cycle cost 
integration 
CL2: “Good procurement system will enable best value to be 
achieved and providing clear picture of each party responsibility. So, 
everybody knows their duty in completing the project. With 
integration of sustainability requirement, I believed this issue will not 
be neglected.” 
Effective scheduling 
system 
R1: “Currently, the cooperation between contractors, manufacturers 
and suppliers is weak in many cases. Procurement system and supply 
chain need to be improved. Partnering with suppliers and sub-
contractors from the earliest project stages is vital to ensure efficient 
and timely delivery of components and services.”  
Standardisation 
IBS application requires standardisation to allow the massive production and 
reproduction of its components, which directly reduces the overall cost. If designed 
efficiently, these characteristics provide flexibility in the IBS components. The 
standardisation of the components or elements will increase constructability and 
reduce construction time. Modular coordination has been introduced in Malaysia to 
standardise dimensions and measurements in IBS applications. The interviewees 
highlighted that standardisation was very important and supported the effort made by 
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government in this regard. However, it was stated that it was important to pay 
attention to the creativity of the design and that each successful project should be 
well documented. This would provide opportunities to other players to use 
documents as guidance and exemplar projects. Table 5-6 shows some of the 
important actions and suggestions that arose in the interview sessions in relation to 
the standardisation factor.  
Table 5-6: Remarks made in interviews about the standardisation factor  
Standardisation 
Action Plan Remarks 
Creativity in design U1: “The creativity in design should be catalysed even though 
using standardisation. This put a challenge to the designer to 
produce something that accommodate user requirement.”  
CL1: “As a client, we do aware the possibility that 
standardisation will cause lack of responsiveness or flexibility. It 
will also create a dull standard building which does not have 
creative value.” 
M2: “Some people would think that standardisation will produce 
a bored design and did not have creativity. However, I think 
differently. The combination of different size of module or unit in 
IBS can produce creative buildings.” 
Cooperation from the 
government 
CL2: “Maybe standardisation might be easier to be adopted for a 
new building instead for refurbishment. The dimension used for 
old buildings normally based on imperial system.” 
A1: “To minimise cost, IBS components involve high volume 
production. This requires high repetitive usage of the IBS 
components. The Government have provide Malaysia Standard 
MS1064 to ensure architects, supplier and contractors to follow 
the standard specification set for the size of basic modular 
units.”  
D3: “To avoid monotonous in design, the external outlook of 
building structure can be varied by changing the combinations of 
the modular units.” 
Knowledge sharing in 
standardisation & 
A2: “Standardisation will reduce the production cost. Clear 
picture on the measurement and the components produced, 
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Standardisation 
Action Plan Remarks 
effective documentation helping end-user to use and maintain the IBS buildings. It is also 
easier to replace IBS components when there is any problem. 
Example from the previous successful projects might share the 
knowledge or the most efficient way in executing IBS works.” 
Interchangeability of 
components 
C3: “Standardisation is important to coordinate and 
standardised dimensional used in IBS application. To enhance 
sustainability, agreement between manufacturers and designers 
is important to simplify on site assembly and installation works.” 
RA1: “Standardisation will improve constructability. By using 
modular coordination concept, IBS components will be easier to 
be installed to the building structure. The related components 
also can be listed in the catalogue so that designer can refer to 
this catalogue to accelerate the design process.”  
Spare part or 
components storage 
M1: “Standardisation can provide a typical design which easy to 
be used by others. Using catalogue system, which also 
encourages the open system, will reduce the overall cost.” 
D2: “Standardisation ensures the components and elements can 
be procured rapidly and guaranteed consistency in production. It 
will easier to prepare spare parts or replacement components for 
IBS buildings. Time and cost for maintenance and reconstruction 
can be reduced. Surrounding area also will not be disturbed such 
as noise, air pollution and traffic congestions.” 
Mass volume and 
effective production 
RA2: “Currently, standardisation in IBS implementation is 
concentrate on the mass volume production which targeting to 
reduce the production cost. However, future and progressing 
standardisation requires an improvement for a higher level for 
value creation. This will provide craft and more aesthetic value 
construction which ensure higher standard of living.” 
U2: “Mass production of IBS components can be realising by 
standardisation. This will reduce the components cost and 
directly reduce the construction cost. The factory production also 
reduces the number of workers on construction site an ensure 
building can be delivered on time.” 
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Project control guidelines 
The development of the construction project needs to be controlled in order to 
complete the project without problems such as being over budget, lacking quality and 
having negative impacts on local communities. Therefore, it is important to have 
guidelines to control particular processes according to a set routine or sound practice. 
This will provide a comprehensive plan to avoid defects, deficiencies and problems 
from the start. Personnel and the management team on site and during the installation 
works need to be aware of the quality standards and sustainability objectives 
specified for the project. The actual performance according to the expectations 
should be monitored. The majority of participants believed that this factor needs to 
be considered as the main factor to improve sustainability. Table 5-7 presents the key 
statements made by the interviewees regarding project control guidelines.  
Table 5-7: Remarks made in interviews about the factor of project control guidelines  
Project Control Guidelines 
Action Plan Remarks 
Provide simple 
documentations for 
monitoring 
 
C1: “It is not easy to get the work done right on the first time 
especially when sustainability is new to us as the builders. 
Practically, we do have ‘Request for Inspection Form (RFI)’ to 
be submitted to the client representative before any concreting or 
installation works can be proceed. This controlling document is 
good to ensure all the standard or requirement fulfilled.” 
Appoint competent 
supervisor 
 
M1: “I am sure it is going to add more responsibilities to the 
parties involved on site and additional cost for supervision works. 
However, is it important to ensure everything is under control to 
avoid damage or additional liability down the road, resulting in 
even higher losses.”  
Provide warranty and 
instruction manual 
 
R1: “As developing country, Malaysia normally imported 
technology from developed country. It is important that the 
advent of new technologies should be accompanied by proper 
process design for on-site assembly. If appropriate process 
control and planning are not implemented these potential benefits 
could be lost due to expensive on-site assembly processes.”  
Prepare a guideline for 
document control, 
CL2: “It does urge some changes in perception towards 
sustainability and require more details and extra efforts in getting 
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Project Control Guidelines 
Action Plan Remarks 
response and reporting 
procedure 
 
the process done. Project control guidelines are helping clients to 
illustrate sustainability into something that tangible and 
perceivable by the project stakeholders whereas it can be 
assessed and improved where necessary.” 
D3: “Project control guidelines are important to provide quality 
assurance scheme that the IBS meets best practice in achieving 
sustainability for IBS application. The scheme is a process based 
assessment scheme designed to benchmark IBS construction 
organisations against best practice in sustainability.” 
Conduct design 
ecocharette 
R2: “I think it is the most effective way to create awareness on 
sustainability potential or features in IBS application to the 
people or staff who involve in project level.” 
Production 
The quality of the IBS components is important to ensure that the life cycle 
cost of the IBS building can be minimised. Factory conditions provide advantages to 
the manufacturer to produce high quality and more durable components. External 
factors such as rain, curing problems and difficulty to reach hidden nooks can be 
eliminated by transferring activities from the site to the factory. The interviewees 
highlighted that the initial investment for the heavy machinery and equipment in the 
production system is repaid when the savings are achieved over the whole life of IBS 
products. Most of the interviewees pointed out that coordination and advanced 
technology adoption were important for improving sustainability in IBS 
implementation. The key remarks made by the interviewees in relation to production 
are shown in Table 5-8. 
Table 5-8: Remarks made in interviews about production  
Production 
Action Plan Remarks 
Appoint 
coordinator and 
assign skilled 
workers 
M2: “The level of communication among the project participants is 
adequate. However, the consultation process between designers and 
manufacturers during the design stage should be improved. This will 
eliminate miscommunication on the IBS components production.” 
Advanced D4: “With increasing sustainability concern around the world, I 
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technology 
adoption 
 
believed if the process involved in IBS components production is 
improve with regards to sustainability concern such as using renewable 
energy, minimise embodied energy and reduce wastage, the sustainable 
construction can be achieved. Innovative product which is more 
sustainable also can be good.” 
M1: “The size of the structural components can be reduced by adopting 
offsite production. Longer span also can be produced to accommodate 
client’s requirement.” 
Promote 
transparency in 
production 
process 
 
C4: “The integration of sustainability features especially during 
production stage will improve the company image with shareholders 
and the public. Quality product can be achieved by factory production 
and contaminant sources in the structural components can be 
controlled.” 
A2: “Transformation from conventional to IBS production able to 
terminate site malpractices such as low quality of concrete, not 
sufficient reinforcement provided and safety negligence.”    
D3: “Most of the IBS buildings showed a good respond from users. The 
quality of the buildings has improved. The former quality breakdowns 
like crack and leakage on joint have been seldom recorded. It provided 
concrete evidence that the good production in IBS components resulted 
to good building quality”  
Supply chain 
effectiveness 
 
M3: ‘The supply chain in the production of IBS components is very 
important. Cooperation from each party such as material supplier, 
contractor and designer is very important. Level of communication 
should be improved.” 
Proper planning 
and scheduling 
 
C1: “Malaysia has a tropical climate, which means the weather is hard 
to predict. Rain or bad weather can impact the process involved in 
conventional construction. Factory or controlled production 
environment can help to avoid this condition and eliminate delays. 
However, location of the production plant is very important so that the 
components can be delivered to the construction site with minimum 
mileage.” 
C3: “Even though the IBS elements are produced in the factory, it is 
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important to consider other criteria especially when the elements are 
ready to be transported to the construction site. Logistic and site 
preparation are among the demanding task on site. It include access 
route, off-loading points and the location of tower crane.” 
RA1: “The production of IBS components in factory will ensure the 
quality of the product. The wastage can also be reduced and recycle of 
construction materials such as aggregates is possible. The 
transportation also can be reduced by efficient planning.”   
Optimum design 
 
D1: “The important characteristics of IBS production is that, this 
construction method able to balances sustainable design with cost 
effectiveness. Using an integrated design, the production of IBS 
components or elements will examine the materials, system to be used 
and design from the perspective of all project team.” 
Knowledge and Skills 
An understanding of the potential of IBS implementation is important as that 
knowledge can be used to improve sustainability. Knowledge and skills on IBS 
implementation should be readily accessible and provided to all stakeholders so that 
the potential of this system can be optimised. Increased knowledge and experience 
on advanced sustainable technologies with available crafts is vital to move forward 
the construction industry. Most of the interviewees recommended that advanced 
technology should be used to accelerate the integration of sustainability in IBS. The 
principal theory and engagement of these theories in practice should be mastered by 
IBS players. These were among the recommendations provided by the respondents in 
the interview sessions. The key remarks made by the interviewees in relation to 
knowledge and skills are shown in Table 5-9. 
Table 5-9: Remarks made in interviews about knowledge and skills  
 Knowledge and Skills 
Action Plan Remarks 
Focus on 
principles and 
practices 
 
M1: “During the implementation of works, most of the workers did not 
have guidance from a certified supervisor. Most of them are based on their 
previous experiences, which sometime not technically right. There are no 
proper channel to manage information, knowledge and skills in conducting 
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proper process. I suggest, to integrate sustainability in IBS activities, we 
should provide a trained supervisor to monitor the construction activities.”  
M2: “The skilled designers and expert workforces in IBS implementation 
should be provided. The lack of expert engineers and architects brings out 
ambiguities in design, which in turn may cause problems at the production 
stage where manufacturers encounter more problems in production.” 
Educate team 
 
C1: “If the numbers of experts in IBS increased, the cost of IBS 
implementation could be cheaper. Their services in design, production and 
installation should be reduced when there are competitions.  However, a 
good communication is mandatory to ensure the supply chain is efficient.”  
RA1: “The awareness on the importance of sustainability should be 
increased among the industry players. It is highly important to provide 
knowledge and skills to them on the good practice in IBS implementation.” 
Develop new 
course 
 
A1: “Awareness of both, prospective and active professionals, about IBS 
would help in disseminating the use of this system. Future engineers, 
architects and other professionals should learn and understand the concept 
of sustainability. The active professionals need to integrate sustainability 
features in their design and construction activities.”  
D1: “In Malaysia, most of IBS participants did not have adequate 
knowledge in IBS. This is because the academic curriculums in universities 
do not provide adequate information on IBS. Moreover, expertises in IBS 
are not sufficient and teaching about IBS is not in the priority list. 
Therefore, universities and technical colleges should develop new courses 
that specific to IBS.” 
D2: “Academic programs on IBS and sustainability are not satisfactory. 
There is shortfall in the number of specialised IBS designers. New course 
and academics program should be introduced to overcome any lack of 
expertise. It is important to expose tertiary students on important of 
sustainability and proper IBS implementation.” 
Provide 
appropriate 
training 
C3: “Most of the people on the construction field do feel that their 
knowledge on the IBS application is sufficient. However, in reality, there 
are struggling to embed sustainability features in their construction 
activities. They should be sent to short courses and provided with 
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 guidelines to steer their construction activities in a more sustainable way.”   
D3: “Most of the players in the industry are facing problems to deliver 
projects accordingly because they have to deal with unskilled, 
inexperienced and untrained construction labours. There is a shortage of 
skilled workers in this field.  I think it is important to provide these labours 
with sufficient knowledge and skills before these workers involved in the 
construction activities.” 
Use advanced 
technology 
CL2: “The integration in advanced technology able to help knowledge 
sharing and improve their skills.” 
Material Consumption 
Efficient material consumption has impacts far beyond those of the buildings 
themselves, such as fewer quarries are needed, demands on the infrastructure to find 
new sources of water are decreased, and less pollution is emitted. It has been proven 
by previous researchers that the application of IBS can reduce the material 
consumption, benefiting all stakeholders not only from the economic perspective but 
also protecting the environment and achieving better social progress (Jaillon & Poon, 
2008; Jaillon, et al., 2009). This in turn leads to the realisation of a range of other 
benefits, including better market image and increased investor confidence. All the 
interviewees commented on the positive impact of material consumption being 
reduced in IBS implementation. They suggested several actions to increase 
sustainability starting from consideration of material consumption in the pre-
construction stage. These suggestions are shown in Table 5-10. 
Table 5-10: Remarks made in interviews about material consumption  
Material Consumption 
Action Plan Remarks 
Promote recycled 
materials and 
resources 
 
C1: “Recycle resources such as stormwater runoff can be use in the 
production of IBS components such as in the precast concrete mix, 
which will reduce mains water consumption.” 
C4: “During IBS components productions, the formwork can be used 
repetitively. These forms have a longer life span compare to formwork 
used in the conventional construction. Therefore, the consumption of 
resources can be reduced.”   
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Use local 
resources and 
materials 
 
C2: “IBS applications will promote the usage of the local resources and 
materials which helping to improve local economy. Its creates positive 
local impacts. Using local materials also improve environment 
sustainability by reducing the need to transport goods and service 
providers from other places.”  
Examine the 
nature of the 
materials used 
 
D1: “Materials used for construction projects have large footprint. 
Before the components ready, it might involve a lot of process that 
consume many resources and use large amount of energy. It is 
important to evaluate the life cycle of each IBS components so that the 
optimum process and best production strategy can be adopted.” 
D2: “The nature of the materials used should be investigated and 
technology which promotes less material should be adopted. There are 
many efficient designs which can reduce the material consumption such 
as hollowcore, bubbledeck or using lightweight materials for slab 
construction. For timber or block works, any off-cuts’ usage will be 
good wherever possible.”    
Regulation to use 
sustainable 
resources 
CL2: “Recycle materials such as fly ash, slag cement and recycled 
aggregates tend to be more easily incorporated in precast concrete or 
IBS components. This will divert materials from landfills and reduced 
usage of virgin materials.”  
Effective and 
optimum 
materials 
handling 
M1: “Smaller structural components can be produced by offsite 
production. I am sure that the consumption for IBS components are less 
compare to conventional construction. The avoidance to use non- 
renewable resources such as metal, steel and fossil fuels in the 
production of IBS components will also improve sustainability.” 
Follow 
specifications 
provided 
 
M2: “Production in the controlled environment and proper design for 
IBS components can eliminate wastages and provide longer span for 
structural components. Column omission because of the longer span 
can reduce the materials consumption.” 
RA1: “The material consumption for IBS components can be achieved 
by designing the components more effectively with minimum size and 
dimension.” 
Adopt less D3: “In Malaysia, investment on the research and development 
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activities are lower compare to the other develop countries like Japan, 
Australia and United States of America. Maybe new materials for 
composite or using recycle materials for the IBS components can 
reduce materials consumption.” 
D4: “Exact batching technologies will lead to waste in IBS plant. 
Advanced technology such as pre-stresses also will reduce the material 
consumption.”  
Waste Generation 
Previous research has proven that the most advantageous methods to reduce 
construction waste are based on IBS application. The usage of IBS contributes to 
both material conservation and reduced waste generation. Proper planning and 
efficient use of materials can ensure the generation of waste in IBS implementation is 
at the minimum level. The majority of the interviewees in this study agreed that IBS 
can reduce waste generation tremendously. They made several suggestions about 
actions to improve sustainability in relation to this factor, as presented below in 
Table 5-11. 
Table 5-11: Remarks made in interviews about waste generation  
Waste Generation 
Action Plan Remarks 
Precision in size 
and dimension 
D4: “The adoption of modular coordination will reduce the waste 
generations. All dimensions synchronised and eliminate unnecessary 
components cutting. Open system will allow any components which 
need to replace can be done easily.” 
Proper handling 
 
D5: “Waste that coming from packaging can be eliminated. Normally, 
packaging for construction materials such as bricks and cements need 
to be disposed and contribute large amount of waste on the construction 
site. Therefore, the usage of construction materials in bulk can also 
reduce waste generation.” 
M2: “Proper handling and appropriate technique used able to minimise 
waste generation. Sticker or information provided with the IBS elements 
will give some information to the people or workers involved during the 
transportation or installation. There is always a good effort when trying 
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to re-use waste on site for other purposes or find other profitable uses 
off site.” 
M3: “Monitoring from qualified and trained personnel will help in 
minimising waste generation. This is because they aware and know 
what strategy should be taken to minimise waste.” 
Higher penalty 
and tax 
implications 
 
D2: “The use of economic instruments such as including user fees, 
pollution fees and disposal permit able to control the amount of waste 
generates and improve sustainability. The assistance from skilled 
workers also can reduce wastages that come from damages because of 
handling.” 
Design for the 
environmental 
impact 
 
D3: “Design with whole-life cycle in mind to minimise construction 
waste. The designer should specify and use reclaimed or waste 
materials for other production. This will close the loop which concern 
on waste management.”   
A2: “The usage of the reusable formworks is reducing construction 
waste. The form can be used repetitively and produce good quality of 
the IBS components. These components are produced in the controlled 
environment and most waste during the manufacturing process can be 
recycled. In addition, exacts elements are delivered to site which 
produce no waste.” 
Plan efficiently 
 
C4: “The contractors should have waste management plans and waste 
reduction measures on-sites. These plans and measurement process 
should be lead by certified supervisor. With this plans, any potential 
waste generation can be identified and avoided. On the other hand, the 
manufacturer and designer also need to ensure their design and 
production process have the objective to minimise waste generation.” 
RA1: “Waste generation is one of the critical factors in improving 
sustainability. The proper planning is required for every resources 
involved. It is not only for construction materials, but also workforces 
including skilled and unskilled workers.”  
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5.6.3 Construction Stage 
In the construction stage, the dominant players are the contractors who include 
the main and sub-contractors. This stage of an IBS project commences after the 
planning and design have been agreed upon and a contractor who will be responsible 
for all construction planning and implementation has been appointed. Six factors 
were identified as critical in this phase: 1) labour availability, 2) labour cost, 3) 
defects and damages, 4) constructability, 5) construction time, and 6) working 
condition. The insights and suggestions made by the interviewees in relation to each 
of these factors are discussed as follows.  
Labour Availability 
Concern that shortages of skilled labour may constrain the development of new 
projects in the resources sector in coming years has motivated government to shift 
the paradigm in managing construction industry. To change this paradigm, the “3D” 
(dirty, dangerous and difficult) image of the construction industry needs to be 
replaced with an understanding of simple, safe and easy construction activities. The 
paradigm change will directly attract local and skilled workers to participate in the 
industry. It will reduce the demand for workers for on-site construction (e.g. 
labourers, supervisors and other supervisory and site management personnel). 
Several actions were suggested by the interviewees in relation to labour availability, 
as summarised below in Table 5-12. 
Table 5-12: Remarks made in interviews about labour availability  
   Labour Availability 
Action Plan Remarks 
Technical 
institution 
cooperation 
D3: “Technical institutions’ cooperation is important in producing 
competent workers. This will ensure the quality and involved risk can be 
managed efficiently.” 
Certification and 
training programs 
 
C1: “Most of the main contractor will have the sub-contractor who 
manages the labours based on the trade execute in the construction site. 
The RISP programs provided by the Government might help the 
contractors and manufacturers sharing their knowledge and skills in the 
best practices of IBS.”  
C2: “The higher labour cost in IBS implementation is because of lack of 
expertise in this system. I believe, if the Government or training centre 
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able to provide sufficient experts for this trade, that problem in the IBS 
implementation can be overcome, and this will reduce the labour cost as 
well.”  
Understanding of 
IBS benefits 
 
D2: “The encouragement for the Government on the IBS 
implementation increased the exposure to the industry players on the 
benefits and process involved in this type of construction. Accordingly, 
the skill and knowledge among the local workers improved.  This will 
ensure the installation and any works involve can be done quickly and 
safely on site. The exposure will increase the numbers of labourers 
available in this trade.”  
Plant at the 
strategic locations 
 
A1: “The production of IBS components can be done in strategic 
locations. Hiring local business helps to support the local community. 
The involvement of the locals in the production and installation of the 
IBS will increase their skills and knowledge on this system. This will 
help them to sustain themselves economically for the long term.”  
Documented 
forecast demands 
 
M3: “The workforce and labourers required can be projected based on 
the production development for IBS components. The trades required 
can be analysed such as safety officer, structural components installer 
and craftman. The improvement of the production process also can be 
improved over the time.” 
Skilled and 
expert workers 
available 
 
M2: “For IBS implementation, number of labourers required is low 
compared to workers needed in the conventional construction. The only 
problem is the labourers need to have skill and knowledge on how to 
handling the IBS components. This can be achieved by repetition 
activities and experience gains in the process involved. Training also 
can help in improving their skill.”  
U1: “Safety and productivity performance will be improved. This is 
because the off-site and on-site personnel become more familiar with 
the materials and the IBS components.” 
Defects and Damages 
Defect and damages can be reduced and monitored efficiently by adopting IBS 
applications in any construction works. Defects such as contaminants, porosity and 
dimension failures may be introduced in IBS components during production and 
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installation. On the other hand, damages induced in service under loading and 
environmental variations include structural failures and cracks on the IBS 
components. Factory conditions and structured environments as in manufacturing 
plants assure better quality control, thereby avoiding some unnoticed defects that 
require later repairs. This system also reduces failures in achieving specifications and 
limits the damage to the products before final completion. Most interviewees 
believed that the controlled environment in the IBS production reduced defects and 
damages in the IBS buildings. Several actions were proposed by the interviewees to 
improve sustainability in this factor, as presented below in Table 5-13.   
Table 5-13: Remarks made in interviews about defects and damage  
Defects and Damages 
Action Plan Remarks 
Provide common 
defects and damages 
list for IBS 
implementation 
D1: “Based on my experiences, IBS components will have least 
problems in term of defects and damages compare to conventional 
construction. This is because of the controlled production 
environment and good practices in handling components using 
advanced equipment. List of the common defects and damages 
might help installer or people who involved in the production to 
ensure precautions steps can be taken.” 
Monitor the conditions 
at the site 
RA1: “If the production quality is ensured, the defects and 
damages can be reduced. Monitoring on the condition state will 
reduce costs for maintenance works.”  
Using strategic 
approach 
 
C3: “More strategic approach needs to be adopted to minimise 
defect and damages in the IBS implementation. The nature of the 
IBS components, such as timber or concrete, need to be 
understood. It is because different materials have different 
characteristics.  Their characteristics need to be studied to reduce 
damages and defects. The maintenance for the long term also 
needs to be considered.” 
Ensure quality 
 
A2: “Ensure the quality in manufacturing process and installation. 
Then, defect and damages will be reduced.” 
Systematic 
identification system 
M2: “Supervision from the certified foreman will reduce defect 
and damages to the IBS components. Tag which provide 
information about the IBS components such as casting date, design 
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 strength, and components code or installation location will help to 
be located and identified among the people involved.” 
Construction Time  
The factory environment avoids the loss of time that can occur due to 
uncontrolled weather conditions and unexpected traffic congestion. The production 
in the factory is also able to maintain precision and reach difficult areas that are hard 
to get when using the conventional system. The construction site also can be 
organised effectively. The design and construction process is able to be integrated 
during the early stage, enabling multiple synergies in the construction stage and 
providing the optimum time to complete the projects earlier. Moreover, lead time 
advantages in IBS construction will provide ample space at the construction site and 
the IBS components can be used immediately as a platform after the installation. The 
advanced technology and equipment in the factory also reduce the construction time. 
The interviewees provided some suggestions on how to improve sustainability from 
the perspective of the construction time factor, as presented below in Table 5-14. 
Table 5-14: Remarks made in interviews about construction time  
Construction Time 
Actions Plan Remarks 
Adopt efficient 
delivering system 
C2: “For IBS implementation, ‘Just in Time’ system easily to be adopted 
to reduce construction time and site usage for storage. It is important to 
have an efficient planning. Another Japanese approach that can be used 
in IBS construction is ‘Kanban’. ‘Kanban’ is a scheduling system that 
tells you what to produce, when to produce, and how much need to 
produce.” 
D2: “IBS allows other trades to start faster which reduce construction 
time and cost. Quicker completion of the activities on site means fewer 
disturbances on the surrounding area. IBS elements can be delivered 
just in time for installation which reduces unnecessary handling and 
equipment usage.” 
Manage available 
lead times 
strategically 
D1: “The speed of construction can be improved by converting some 
critical site casting activities in pre-casting works. This will reduce time 
for activities that on the critical path. It should be noted that to reduce 
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 construction time, activities must be on the critical path. The available 
lead times should be managed efficiently.” 
D3: “Use strategic lead-time management. It will provide elapsed time 
from receipt of customer order to deliver the IBS components. It will 
help stakeholders to manage supply chain efficiently. Therefore, 
construction time will be reduced and improve sustainability.”  
RA1: “Lead times available for IBS construction can reduce 
construction time tremendously. However, the available lead time need 
to be managed efficiently.” 
Effective supply 
chains 
 
A1: “Select appropriate supplier based on their capacity (e.g. 
equipment, transportation facilities and labour), location and 
experiences in handling IBS projects. These criteria are helping in 
achieving efficient supply chain. Mass production for IBS components 
requires clear requirement statement from the client, process flexibility 
and responsive logistic system.”  
Clear client’s 
requirement 
 
CL2: “The requirement of the clients changes over time. Their needs 
and requirement should be fulfilled because there are the one who 
provide the funding. Incentive scheme such as bonus if manage to 
complete project earlier than expected time can help to reduce 
construction time.   
U2: “Faster completion for the IBS projects will let user to occupy 
building as soon as it’s ready. This will reduce cost and expenses to user 
since they do not have to pay for rental and starting their business 
immediately, if the project is for commercial.” 
Systematic 
identification 
system 
 
A2: “An efficient management system can reduce construction time 
drastically. IBS is using precast concrete or ready components to be 
installed into the structure. It is important to make sure that any 
planning did not lead to more out-of-stock situations. Components or 
elements should be ready any time required or maybe extra stock might 
be good for any contingency. Automation or intelligent system can be 
integrated in IBS production or installation easily.”  
Efficient site 
planning and site 
C1: “IBS components have the ability to be used right after its 
installation to the structure. It is different situation for conventional 
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construction, where you need to wait the wet concrete achieve 
appropriate strengths. This advantage allow the components to be used 
as the working platform immediately or as a storage space for materials 
or equipments.” 
CL1: “It is important to have greater understanding for design and how 
to construct the building using IBS. Elements with barcode provide 
easily identification. Sequences delivery is providing easier installation. 
Less finish works on site also reducing construction time.” 
Labour Cost 
The labour cost includes the cost of wages which have to be paid by the 
employer to the workers during an accounting period (such as monthly or daily), as 
well as the cost of employee benefits and payroll taxes. The factory environments in 
IBS implementation provide a stable employment opportunity and improve the local 
economy. On the construction site, the number of labourers can be significantly 
reduced by moving all the activities which used to be executed on the construction 
site to the factory. The labour cost is also reduced by reducing the number of 
labourers needed and using advanced technology and machines instead. This 
provides opportunities for labour utilisation and increased productivity. Concerning 
the increasing cost of labour, especially for foreign workers, the interviewees made 
several suggestions on ways to improve sustainability, as presented below in Table 5-
15. 
Table 5-15: Remarks made in interviews about labour costs  
Labour Cost 
Action Plan Remarks 
Provide 
minimum salary 
rate 
 
RA2: “In order to ensure local willing to participate in this industry, the 
minimum salary rate which appropriate to economy condition might 
help to sustain and stabilise the labour cost. This will reduce the 
possibility increasing cost in labour. The satisfaction of employee will 
increase the production.” 
Tax exemption 
 
M3:”More incentives should be provided by the Government to reduce 
cost which burden contractors and manufacturers. They should help the 
industry with supplying more skilled workers in IBS.  Tax reductions or 
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exemptions will encourage industry to participate more in this type of 
construction.” 
Efficient human 
resources 
management 
C3: “The implementation of IBS able to eliminate a few trades which 
normally have in the conventional construction. This means it will 
reduce the labour cost. Therefore, the people involved in IBS 
application, especially in the new trades which don’t have in 
conventional need to be sufficient training.” 
D3: “Each participate should have efficient human resources 
management. Resource levelling and effective appointment system will 
ensure the successful of the project. Communication is important in 
delivering information.” 
Distribution of 
wealth 
A2: “More opportunities to local in this industry will provide fair 
distribution of wealth among the community. The reliance on unskilled 
foreign labourers also is reduced. Concerning on the local communities 
is important to increase sustainability.”  
Constructability 
Constructability is an approach that links the design and construction 
processes. However, a high level of knowledge, experience and cooperation among 
all the stakeholders is important to ensure the components can be assembled without 
any problems and can meet the scheduled date. In IBS applications, it is important to 
improve the management flow of building materials and organise other sources 
especially if the construction involves different suppliers for various components. 
Constructability can contribute to sustainability by provide ease of construction, 
simplification, dimension coordination and design integration to achieve the overall 
project objectives. The interviewees suggested several strategies to improve 
sustainability from the perspective of constructability. These suggestions and other 
key remarks are presented below in Table 5-16.  
Table 5-16: Remarks made in interviews about constructability  
Constructability 
Action Plan Remarks 
Effective 
planning and 
C1: “Each activity should be in proper sequence so that the installation 
process can be done efficiently. The deliveries of materials, components 
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and sub-assemblies are only made when they are needed to avoid 
additional storage space. Project Manager needs to ensure continuity of 
work by managing labour, plant and equipment that the flow of the 
activities is maintained. Efficient management ensure the building able 
to construct with optimum resources.” 
Efficient design 
 
C2: “More efficient design and constructability as the main concern 
will minimise construction waste. Designer needs to have a good 
understanding on the design buildings. How the components going to be 
erected and installed, and is there available tools or equipment to 
assists installer and contractor.” 
D3: “Constructability is extending to which a design facilitates efficient 
use of construction resources by minimising construction waste and by 
optimum design. The safety on the construction site also enhances while 
the clients’ requirement are met.” 
RA1: “IBS Score implementation helping construction players to 
identify level of IBS usage in their projects. In addition, the process 
involve also can briefly understand. This wills simplify the work on site. 
Simple layout also important, which can improve IBS performance.” 
Enhance level of 
communication 
 
D1: “The enhanced level of communication helps to reduce the number 
of problems caused by compatibility problems in the construction 
phase. This can be solved by early consideration on constructability 
issues and simple design.” 
D2: “Held periodic meetings to solve any problems occur during 
construction. Any issue or problem should be solved immediately. This 
is important to reduce delay.” 
Competent 
workers 
 
M1: “Any construction work or installation process for IBS components 
will be easier if conducted by certified person and have knowledge on 
how to handle it properly. For example, they have trained by 
Construction Industry Development Board [CIDB].” 
Advanced 
technology 
adoption 
M2: “The sustainability can be improved by producing components 
details with help from computer aided technology. The usage of high 
technology machinery, conduct appropriate test and verify the 
components produced in the laboratory conditions can ensure the 
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Working Condition 
IBS applications can provide better working conditions and more efficiently 
organised site conditions. The working conditions are all the existing circumstances 
affecting labour in IBS production or installation, including job hours, physical 
aspects, legal rights and responsibilities. The ability of IBS to reduce the number of 
labourers involved will reduce the accident risk and provide a conducive working 
environment. Consequently, the market image of the construction industry can be 
improved. These advantages will reduce the construction industry’s reliance on 
unskilled foreign labour and increase the interest among local workers to participate 
in this construction system. Several suggestions were provided by the interviewees in 
relation to this issue, as presented in Table 5-17.  
Table 5-17: Remarks made in interviews about working conditions  
Working Condition 
Action Plan   Remarks 
Efficient 
planning on 
work schedule 
M1: “IBS production is in the factory. This will provide safe and clean 
working area either on the production yard or construction site. The 
components of IBS can be immediately used as a working platform 
therefore, proper planning is vital.” 
Easy access and 
effective layout 
 
D1: “The organisation on the site is important. The site layout should be 
plan properly. The debris and rubbish should be clean immediately. Clean 
site and healthy work environment will reduce site accidents.” 
D4: “The site layout needs to be planned properly. Access to the storage 
area, assembly area in case there is any accident crane location and 
works station are the example of a few consideration that need to be taken 
account in site layout design. This also will reduce obstruction for 
access.” 
Signage and 
information 
labels 
C3: “The sufficient signage and information about the site should be 
provided sufficiently. Easy to access any information, clear information 
and cooperation from the management team are some of the things that 
can improve working condition.” 
Satisfaction on RA1: “The adoption of IBS will automatically eliminate 3D problems in 
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Working Condition 
Action Plan   Remarks 
employment 
 
construction (Dirty, Dangerous and Difficult). This will provide more safe 
and comfortable environment to the workers. An expertise of the workers 
also can be increased because they doing it repetitively. They also can 
learn from their mistakes. This will change the construction image and 
increase the workers income.” 
D5: “Good working condition will satisfy workers. When they happy to 
work, the productivity will be increased. People in the industry also don’t 
have to changes their workers frequently and have expert.” 
Regular visit to 
operation site 
M3: “Frequent visits from the management team on the construction site 
will help to identify any loop hole or problems on site to improve working 
condition.” 
5.6.4 Post-Construction Stage 
The post-construction stage starts when the construction work has finished. 
After the final completion, the IBS project will be handed over to the client to be 
occupied and function as expected. However, several factors need to be considered in 
this final stage to improve sustainability and minimise negative impacts on the 
environment. Previous research has often neglected the significance of this stage in 
improving sustainability deliverables. In this study, four critical factors in the post-
construction stage were identified: 1) durability, 2) maintenance and operation costs, 
3) usage efficiency, and 4) waste disposal. Each of these is discussed below with 
reference to the interviewees’ comments and suggestions.  
Durability  
The controlled factory environment ensures that highly durable IBS 
components are able to be produced. For example, the combination of good 
compaction and curing for precast components increases resistance to weathering 
and corrosion. Furthermore, incorporating the architecture characteristics into 
structural design such as enlarged the panel sizes will significantly reduces the 
chance for water penetration that can weaken a structure and cause unsightly staining 
and fungus problems. Therefore, the high durability and long service life of IBS 
applications help to reduce maintenance and operation costs. The adoption of IBS 
provides the opportunity to construct highly durable buildings, which have a long 
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usable life and are cost effective. The interviewees provided some suggestions 
regarding this factor, as presented below in Table 5-18. 
Table 5-18:  Remarks made in interviews about durability  
Durability 
Action Plan Remarks 
Provide life cycle cost 
analysis 
 
D1: “Concrete have a long life expectancy and very durable. 
Controlled production ensures IBS components can stand wear and 
tear. The life cycle analysis will prove the durability level in 
improving sustainability.” 
Competent designers 
 
RA1: “Quality will increase durability. Proper installation and 
assemble as well. Precise installation and handling from the trained 
personnel is mandatory.” 
A2: “Incompetent design, manufacturer of installer will bring about 
poor production quality. Therefore, employment of experiences and 
knowledgeable people is mandatory to overcome these problems.”  
Incorporating 
structural requirement 
to architecture design 
D2: “Incorporating the architecture design into the structure 
enlarge panels sizes. This will enable significantly the reduction of 
the chance for water penetration which weakens the concrete 
structure and cause unsightly staining problems.” 
Higher quality 
 
C4: “IBS elements with high durability will reduce maintenance 
and repairing costs. With high durability, fewer resources will be 
used when produced replacement component. The high cost of the 
component will be balanced with the life span of the products.” 
M1: “Higher grade used for IBS components so that earlier 
dismantle for formwork can be made. This will allow more efficient 
usage of formwork. This will provide IBS components more strength 
and can service longer which have minimum tendency of crack or 
structure failure.” 
U1: “This is the factor that important to use. More durable building 
mans more money we can save. The durable materials have a long 
life cycle and low maintenance. Accordingly, the IBS building will 
require less replacement and maintenance during the service life 
duration.” 
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Durability 
Action Plan Remarks 
Regular maintenance 
 
A1: “More durable means lower cost for maintenance and longer 
services time for the buildings. Regular maintenance or checking 
should be made to ensure the structure or components are not 
experiencing and damage or problem.”  
Maintenance and Operation Cost 
The operation and maintenance stage commences after the completion of the 
IBS building and the objective during that period is to achieve optimal building 
performance. Costs involved in this stage should be evaluated during the early stage 
of construction to ensure the optimum cost of the building constructed. Maintenance 
and operation activities will reduce the cost of building repairs and will minimise 
building failures. Since the cost of construction is escalating every day, the proper 
maintenance of existing buildings has become exceedingly important. Considering 
these needs and opportunities, interviewees expressed their opinions about how to 
improve sustainability based on this factor. The interviewees’ comments and 
suggestions are presented below in Table 5-19. 
Table 5-19: Remarks made in interviews about maintenance and operation costs  
Maintenance and Operation Costs 
Action Plan Remarks 
Effective maintenance 
schedule 
 
D2: “Scheduled maintenance will reduce maintenance cost. 
Preventive maintenance also needs to be conducted before any 
problem gets bigger. Communication is important. Record should 
be kept properly so easy when needed for references.” 
D3: “IBS have the ability to control risk and increase reliability, 
both during construction process and throughout the life of the 
building. IBS usage wills simplify the maintenance process. With 
easier maintenance process, it will reduce cost.” 
Adopt Total Productive 
Management 
D1: “Adopt TPM [Total Productive Management] in the 
maintenance process. This will ensure the building can be 
maintained without disturbing the building function.” 
Communicate 
effectively on 
maintenance 
requirement in the early 
CL2: “Provide maintenance record and manual. This will 
give information to user or client on the features installed in the 
building.” 
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Maintenance and Operation Costs 
Action Plan Remarks 
stage 
Available spare parts 
and repair expertise 
M2: “Provide dimension control or standardisation so that there 
are spare parts for any problem element. It will be easy to 
diagnosis and repair for IBS buildings. Integration of IT system 
could help to schedule maintenance and operation works, also 
evaluate life cycle profits for each elements in IBS buildings.” 
U2: “Maintenance is seeing as financial burdens. The cost is 
expensive if there is no spare part or require special contractors 
to the maintenance or repairing works. Therefore, the supplier or 
manufacturer should ensure there are spare parts or replacement 
components for user.” 
Integration with IT 
system 
 
A1: “Cost involved in IBS maintenance can easily evaluate 
compare to conventional buildings. The schedule and maintenance 
activities should be integrated with Information Technology. The 
report also can be generated automatically.”  
Higher quality on the 
IBS components and 
proper installation 
D4: “Materials with long life cycle and high quality will require 
less replacement and maintenance. So, with need to ensure the 
quality of materials, production and installation process.” 
Energy efficiency to 
reduce operation costs 
C2: “I think it should better if the modern maintenance 
management system for IBS buildings includes provision for safety 
and environmental legal requirements such as level of CO2 
emission. Incentives should be given by the Government to 
promote this approach.” 
Usage Efficiency 
IBS construction can be custom designed to almost any specification, including 
incorporation into an already existing building structure in order to make the most 
effective use of the available space. IBS applications promote efficiency by the use 
of capacity and allow quicker occupancy for assembled components. The assembled 
components can be used immediately after the installation because they have 
achieved the strength required as the platform and support structure components.  
Larger spans can be produced for specific requirements, which is difficult to achieve 
with conventional construction in projects such as warehouses, sport complexes and 
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manufacturing plants. The ability of IBS to accommodate requirements such as this 
reduces the usage of natural resources and has the potential to improve sustainability. 
Most of the interviewees highlighted these advantages of using IBS. Their remarks 
and suggestions regarding usage efficiency are presented below in Table 5-20. 
Table 5-20: Remarks made in interviews about usage efficiency  
Usage Efficiency 
Action Plan Remarks 
Optimum design to 
accommodate client’s 
requirement 
D1: “Selection of materials used in IBS application is important. 
The materials used should have low VOC emission and did not 
contribute to moisture problems or airborne contaminants. With 
proper material and design solution, the usage efficiency of the IBS 
building can be achieved.” 
M1: “The requirements of the users or clients need to be fulfilled. 
IBS have advantages in providing higher headroom and longer span 
for structural elements. This will maximise the usage of the 
buildings.”  
U1: “Most of occupants include me satisfied with the constructed 
IBS buildings. It does not seem have an adverse effect on the extent 
to which IBS types are used. Somehow, the client or user needs 
require to be understood in the earlier stage of construction.” 
Improve energy 
efficiency 
D2: “Type of technology used must be appropriate. For example 
using insulated panels can reduce energy usage and improve indoor 
air quality. Good ventilation will provide fresh air inside the 
buildings.” 
A1: “Design according to climates and local condition will reduce 
energy consumption. Passive structural devices replace mechanical 
equipment which uses a lot of energy to be operated.” 
D5: “Use natural resources such as daylight, trees for shading, and 
ventilation. It will reduce lighting and cooling energy use. These 
features indirectly will increases indoor air quality and employee 
productivity.” 
Improve flexibility 
and adaptability 
characteristics 
D4: “Use appropriate technology. Prestressing allows designers to 
create longer spans, which using less material and leading to 
enhanced flexibility of buildings in their use.” 
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Usage Efficiency 
Action Plan Remarks 
Increase accessibility C3: “Accessibility to the buildings and in the buildings should be 
improved. This will ensure optimum usage of energy and user able 
to use the buildings efficiently.” 
Waste Disposal 
Waste disposal is the least preferable option in managing construction waste 
according to the waste hierarchy. The waste minimisation strategies are usually 
formulated in the design stage to reduce the amount of construction waste to be 
generated and disposed. IBS applications have the potential to manage the waste 
disposal efficiently by categorising the construction waste according to its 
characteristics. These wastes are able to be reused, recycled and utilised for the 
production of other components such as concrete pedestrian blocks and road kerbs. 
Efficient waste disposal will increase environmental consciousness, protect natural 
resources and promote sustainable development. Most interviewees believed that the 
sustainability can be enhanced in IBS implementation by ensuring particular actions 
are carried out in relation to waste disposal, as presented below in Table 5-21. 
Table 5-21: Remarks made in interviews about waste disposal  
Waste Disposal 
Action Plan Remarks 
Stringent 
environmental 
regulations 
CL1: “Incentive should be given to contractors or party who manage 
to reduce waste. Merit point for example. On the other hand, penalty 
also can be used to those who generate more waste.” 
Disposal 
management and 
requirements 
 
C4: “The contractor can sort the waste that can be reuse.” 
D4: “For refurbishment or demolition work, the IBS elements need to 
be dismantled properly so that the elements can be reused.” 
M3: “Efficient waste management is important. If we able to reuse and 
reduce construction waste, that’s means we also reduce transportation 
and disposal cost.”  
A2: “The potential of each element to be reuse or recycle need to be 
identified. Precast elements can be crushed and the aggregates can be 
used for other purpose such as sub-base of road or cast into road 
kerbs. Easy access for waste disposal skip or bin also encourages 
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Waste Disposal 
Action Plan Remarks 
labours to dispose waste wisely.” 
Recycle and reuse 
approach 
 
D2: “With good planning, waste generation can be avoided which 
have direct impact in waste disposal. A proper plan should include 
how to avoid waste, how to separate waste, how to do waste treatment 
and how to encourage waste minimisation.” 
D3: “Careful on-site sorting and storage will assist in retaining IBS 
elements and materials for reuse and resale. Open system will improve 
the resale value for unwanted components. Specific location for 
collecting reusable components and recyclable contents also need to 
be provided.” 
D5: “For unused IBS components such as precast column and beam, 
those components can be crushed to separate its reinforcements and 
aggregates so these elements can be reused.” 
Team up with 
other builders to 
recycle 
 
C3: “The cooperation among the people involved on site is vital. The 
main contractor can provide different bin for different types of waste. 
The sub-contractors need to be responsible on their waste by dumping 
their waste in appropriate bin.” 
CL2: “The involvement of all parties on the construction site in the 
recycling and waste management plan is important. For example, for 
installer or sub-contractor. They also need to get involved.” 
5.7 MAIN FINDINGS OF THE INTERVIEWS 
The semi-structured interviews elicited insights and points of view from the 
respondents that are useful for the formulation of efficient decision-making 
guidelines. The remarks provided from the respondents for each critical sustainability 
factors were produced from the reduction and transformation process. This is 
important to ensure the information is readily accessible, understandable, and to draw 
out various themes and patterns (Berg, 2001). Their remarks were analysed and 
grouped to form the action plans in improving sustainability.  
These action plans were verified through retracing the various analytic steps 
that led the conclusion and for any action plan that did not clear will be verified in 
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the case studies. Table 5-22 extracts and highlights the main findings from the 
interview sessions.  
Table 5-22: Major findings of the interview study 
 Sustainability Factors Action Plans 
1 Legislation • Strong legal machinery 
• Organisation review 
• Sustainability officer 
• Authorities’ consensus 
2 Procurement system • Efficient and transparency in documentation 
system 
• Apply Just In-Time  
• Adopt Concurrent Engineering system 
• Registered IBS System Providers 
• Green procurement & life cycle cost integration  
• Effective scheduling system  
3 Standardisation • Creativity in design 
• Cooperation from government 
• Knowledge sharing in standardisation & effective 
documentation 
• Interchangeability of components  
• Spare part or components storage 
• Mass volume and effective production 
4 Project Control 
Guidelines 
• Provide a simple documentation for monitoring  
• Appoint competent supervisor  
• Provide warranty and instruction manual  
• Prepare a guideline for document control, 
response and reporting procedure 
• Conduct design ecocharette 
5 Production • Appoint coordinator and assign skilled workers 
• Advanced technology adoption 
• Promote transparency in production process  
• Supply chain effectiveness  
• Proper planning and scheduling 
• Optimum design 
6 Knowledge and Skills • Focus on principles and practices 
• Educate team 
• Develop new course 
• Provide appropriate training 
• Use advanced technology 
7 Material Consumption • Promote recycle materials and resources 
• Use local resources and materials 
• Examine the nature of the materials used 
• Regulation to use sustainable resources 
• Effective and optimum materials handling 
• Follow specifications provided 
• Adopt less materials technology 
8 Waste Generation • Precision in size and dimension  
•  Proper handling 
•  Higher penalty and tax implications 
•  Design for the environmental impact 
•  Planning efficiently 
 Chapter 5: Interviews 176 
 Sustainability Factors Action Plans 
9 Labour Availability • Technical institution cooperation 
• Certification and training programs 
• Understanding of IBS benefits 
• Plant at the strategic locations 
• Documented forecast demands 
• Skilled and expert workers available 
10 Defects and Damages • Provide common defects and damages list for IBS 
implementation 
• Monitor the conditions at the site 
• Using strategic approach 
• Ensure quality 
• Systematic identification system 
11 Construction Time • Adopt efficient delivering system 
• Manage available lead times strategically 
• Effective supply chains  
• Clarify client’s requirements  
• Systematic identification system 
• Efficient site planning and site layout  
12 Labour Cost • Provide minimum salary rate  
• Tax exemption  
• Efficient human resources management  
• Distribution of wealth 
13 Constructability • Effective planning and scheduling  
• Efficient design 
• Enhance level of communication 
• Competent workers  
• Advanced technology adoption 
14 Working Conditions • Efficient planning on work schedule 
• Easy access and effective layout  
• Signage and information labels 
• Satisfaction on employment 
• Regular visit to operation site 
15 Durability • Provide life cycle cost analysis  
• Competent designers 
• Incorporating structural requirement to 
architecture design 
• Higher quality 
• Regular maintenance 
16 Maintenance and 
Operation Costs 
• Effective maintenance schedule 
• Adopt Total Productive Management  
• Communicate effectively on maintenance 
requirement in the early stage  
• Available spare parts and repair expertise  
• Integration with IT system 
• Higher quality on the IBS components and proper 
installation 
• Energy efficiency to reduce operation costs 
17 Usage Efficiency • Optimum design to accommodate client’s 
requirement  
• Improve energy efficiency  
• Improve flexibility and adaptability characteristics  
• Increase accessibility  
18 Waste Disposal • Stringent environmental regulations  
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 Sustainability Factors Action Plans 
• Disposal management and requirements  
• Recycle and reuse approach 
• Team up with other builders to recycle 
5.8 SUMMARY 
This chapter presents the results of the analysis of the data obtained through the 
semi-structured interviews. It demonstrates the in-depth understanding of each 
critical factor by analysing the responses from the experienced participants. The 
findings have been used to outline suggested actions towards sustainability in the 
IBS implementation by focussing on the critical factors identified. The findings from 
the interviews answered the third research question: How will designers evaluate the 
sustainability issues and select criteria that could optimise the value of IBS in the 
decision-making process? 
The critical factors and preliminary framework were validated and verified by 
the industry representatives before further investigation was carried out. This was 
important to ensure the critical factors and the developed framework represents the 
significant aspects to be considered in improving sustainability for IBS applications. 
Sustainability development efforts are currently seen in the industry as positive 
efforts in improving the construction industry’s image. Based on the participants’ 
feedback, general awareness of sustainability and of the potential of IBS to provide 
better construction can also be increased. 
Consideration of the negatives as well as the positives helped to provide insight 
into each critical factor identified. SWOT analysis and recommendations for 
improving sustainable deliverables were then able to be formulated based on the 
interviews. This helped the researcher to develop guidelines assisting designers to 
evaluate sustainability issues and select criteria that could optimise the value of IBS 
in the decision-making process. 
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Chapter 6: Case Study 
6.1 INTRODUCTION 
The questionnaire surveys provided a fundamental basis on which to identify 
the critical sustainability factors to develop the conceptual framework explained in 
previous chapter. The conceptual framework was presented and validated by key 
stakeholders during the semi-structured interviews before the guidelines were 
developed. The process involved in the guidelines development included 
understanding the positive and negative contexts for each critical factor in regard to 
improving sustainability in IBS applications. The recommendations or action plans 
provided by the participants were synthesised from the interview results. To validate 
and verify the findings, the case study method was used. A summary of the process is 
shown in Figure 6-1. 
 
 
Figure 6-1: Process involved in the guidelines development 
This chapter provides a detailed explanation of the case studies conducted. It 
first clarifies the purposes of the case study conducted in this research. Then, the 
selection of the three case projects and the data collection methods are discussed. 
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The characteristics of each project are explained before the validation and 
verification process is reported. At the end of this chapter, a summary is provided. 
6.2 CASE STUDY PURPOSES 
There were two main purposes of the case study in this research. First, the case 
study was used to verify and validate the findings from the questionnaire survey and 
semi-structured interviews. Cavana et al. (2001) states that a case study yields deep 
but narrow results. A case study enables the applicability and suitability of the 
developed guidelines to be investigated in-depth and to review whether any issues 
are being overlooked. In addition, Yin (2003b) points out that the holistic and 
meaningful characteristics of real events could be achieved by a case study, and this 
method directly increases the reliability of the research. According to Fellows and 
Liu (2008), the case study is an approach used to study an experimental theory or 
subject using set procedures to investigate a phenomenon within a context. This type 
of method utilises several combinations of data collection such as interviews, 
documentary evidence and/or observation. The main advantage of this method is that 
it allows the researcher to evaluate different sources of information and develop a 
consensus of the findings (Proverbs & Gameson, 2008). The findings will yield more 
robust results and provide meaning in the context of the research.  
Second, the case study was used to provide real project examples that 
demonstrate how the guidelines developed in this research may assist designers to 
improve sustainability. In this study, three projects were selected to provide a clear 
example of the implementation of the decision-making guidelines. As O'Leary 
(2004) explained, the credibility of a study relies in part on the broad applicability of 
its findings; in this research, the case study helped in proving its applicability. During 
the investigation, the participants were encouraged to critique the developed 
guidelines and provide suggestions for their improvement.  
It is important to ensure that the case study projects are able to provide a 
sample that is substantially representative of the population and that they represent a 
useful variation on the dimensions of theoretical interest. According to Seawright 
and Gerring (2008), there are seven types of case selection in case study research. 
These types are ‘typical’, ‘diverse’, ‘extreme’, ‘deviant’, ‘influential’, ‘most similar’ 
and ‘most different’ cases. This research employed a typical case study approach, 
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which focuses on the exemplification of a stable theory and provides insight into 
cross-case relationships of the subject. Seawright and Gerring (2008) added that the 
typical case study is used for confirmatory processes, which probe the causal 
mechanism that may either confirm or disconfirm a given theory. In this research, the 
developed guidelines needed to be finalised before they could be used as a decision 
support tool. The implementation process and its significance to improve 
sustainability in IBS applications are also confirmed in the case study. 
Multiple case designs are preferred in the case study, as such an approach can 
provide more robust research outcomes. However, there is no simple answer when 
deciding how many cases should be included in a multiple case study (Rowley, 
2002). Cases needed to be carefully selected so that they sufficiently represent the 
current IBS development in Malaysia. The number of cases is sufficient when all the 
cases turn out as predicted. The replication provides strong evidence that the study 
framework and developed guidelines improve the sustainable deliverables for IBS 
applications. In this research, three projects were identified as having the potential to 
achieve the explained objectives. The selection of the three case projects is explained 
in the next section. 
6.3 SELECTION OF CASE STUDY PROJECTS 
In Chapter 3, the adopted research methods including the case study were 
briefly introduced. During the semi-structured interviews, potential projects to be 
selected as the case study projects were identified. The people in charge of those 
projects were informed about the further stage of investigation in this research and 
their willingness to participate was recorded.  
The criteria for the selection of the case studies were based on their IBS score 
results and their characteristics in relation to promoting sustainability. According to 
Flyvbjerg (2006), the case study selection must focus on the research problems and 
must be able to provide rich information to answer the research questions. This 
means the selected projects must be able to provide sufficient data in formulating the 
solutions. The following criteria were used in selecting the appropriate case study 
projects: 
• The site and location of the projects were in Malaysia. 
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• Information about the case study projects was accessible and participants 
were willing to cooperate. 
• The main activities in the case project focussed on building construction 
and did not focus on infrastructure development or other construction 
facilities (e.g. dam, communication tower). 
• The case project was an IBS project with the potential for high impact on a 
local community and the environment. 
• As evaluated by the IBS score, there was a high percentage of IBS 
component usage in the project. 
In Malaysia, the implementation of sustainability is still in its infancy and the 
concept has not been widely applied in construction projects (Abidin, 2010). 
Construction projects are assumed to be able to improve sustainability when the 
building project is evaluated at more than 70% on the IBS score. However, the 
objective of the project in pursuing sustainability is typically not clear. The people 
involved at the project level struggle to integrate sustainability as there are no 
guidelines or organised procedures.  
On the other hand, the level of awareness about the importance of 
sustainability is increasing over time. With support from the government and 
extensive research on this matter, it is believed that the scenario could change and 
project deliverables could be improved. Advanced technology and innovation in 
construction, such as IBS applications, could deliver more sustainable construction 
compared to conventional construction.   
The project types all relate to the construction industry and use IBS 
applications in their structural elements. These projects were located in different 
regions in Malaysia, namely, Penang, Malacca and Johor. The building function in 
each project is different and this provides interesting comparisons. These 
characteristics make the investigation more meaningful, as they are representations 
of the suitability and applicability of the developed frameworks and guidelines for 
any type of IBS project. Considering these criteria, three case study projects which 
fully satisfied all the pre-determined requirements were selected. Table 6-1 shows 
the characteristics of each case study project. 
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Table 6-1: Characteristics of case study projects  
 Characteristics 
Project Criteria Case Project A Case Project B Case Project C 
Location Penang Malacca Johor 
Participation Agreement to 
participate by all 
respondents 
Agreement to 
participate by all 
respondents 
Agreement to 
participate by all 
respondents 
Building 
Characteristics 
Halls and office 
buildings 
Office building and 
storage area 
Educational building 
and its facilities 
Project 
Objective 
To provide a 
centralised 
administration office 
and trial hall for 
solving legal 
problems and 
supporting justice 
processes  
To provide a 
centralised office for 
administration with a 
storage space for 
managing the tax 
activities and 
supporting the 
government policies  
To provide facilities 
and expand access to 
the local community 
with a high-quality 
education which is 
affordable and which 
can improve the 
locals’ social and 
economic status 
IBS Score 80.84% 70.00% 72.79% 
 
The three case study projects had a potentially large impact on the local 
communities by improving their social status and providing economic stability. The 
opportunity to preserve the environment in reduction of material consumption and 
systematic resources management is also need to be highlight in the sustainable 
initiative. Moreover, support and the public role of the institutions in these projects 
also provided a meaningful impetus to achieve sustainable development. The 
verification and validation processes for the developed guidelines with consideration 
of all these elements will improve the sustainable deliverables in IBS applications. 
6.4 CASE STUDY DATA COLLECTION 
The case studies were conducted for about two months starting from June to 
July in 2012. It was important to ensure the developed guidelines were ready before 
the case studies could be executed. As mentioned earlier, the main objective of this 
methodology is to validate the guidelines and to confirm the process involved in 
assisting the decision-making. Accordingly, two main collection methods were used 
in the case study: interviews, and archival records and documents.  
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6.4.1 Interviews 
The interviews were conducted to gain insights from the experiences of 
professionals involved in the projects and to validate the suitability or potential of the 
developed guidelines for improving sustainability in IBS applications. These 
professionals were the key players and the decision-makers in the projects, including 
Project Managers, Designers, Construction Managers, and Authority Officers. Table 
6-2 shows the list of the 11 interviewees who participated in the case studies. 
Table 6-2: Interviewee profiles 
Interviewee ID Position Interview Date Location Duration 
Project A 
1A Senior Design Engineer 3 July 2012 Kuala Lumpur 1 hour 
2A Project Manager 5 July 2012 Penang 1.5 hours 
3A Architect 9 July 2012 Kuala Lumpur 1 hour 
Project B 
1B Project Engineer 11 July 2012 Melaka 1 hour 
2B Project Manager 11 July 2012 Melaka 1 hour 
3B Design Engineer 12 July 2012 Kuala Lumpur 1.5 hours 
4B Executive Director 13 July 2012 Melaka 1 hour 
Project C 
1C Project Manager 16 July 2012 Johor 1.5 hours 
2C Assistant Project Manager 16 July 2012 Johor 1 hour 
3C Architect 19 July 2012 Johor 1.5 hours 
4C Structural Engineer 25 July 2012 Johor 1 hour 
 
The participation of people in different positions and organisations in the same 
project gave the researcher the opportunity to synthesise, validate and verify the 
findings. All respondents supported the objective of this research and believed that 
the proposed guidelines were able to improve sustainability in IBS construction. 
The questions in the case studies were designed based on the results in the 
questionnaire survey and semi-structured interviews. The questions were open-ended 
in nature. However, the main questions, as provided in Table 6-3, were used as the 
bases in the interview sessions, and were meant to help interviewees to start sharing 
their insights on how the factors from the conceptual framework would be able to 
improve sustainability in IBS construction.  
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Table 6-3: Main interview questions for case study 
No. Main Interview Questions For Case Study 
Pre-construction stage 
1 How can ‘legislation’ improve sustainability in this project? 
2 How can ‘procurement system’ improve sustainability in this project? 
3 How can ‘standardisation’ improve sustainability in this project? 
4 How can ‘project control guidelines’ improve sustainability in this project? 
5 How can ‘production’ improve sustainability in this project? 
6 How can ‘knowledge and skill’ improve sustainability in this project? 
7 How can ‘material consumption’ improve sustainability in this project? 
8 How can ‘waste generation’ issue improve sustainability in this project? 
Construction stage 
9 How can ‘labour availability’ improve sustainability in this project? 
10 How can ‘defects and damages’ improve sustainability in this project? 
11 How can ‘construction time’ improve sustainability in this project? 
12 How can ‘labour cost’ improve sustainability in this project? 
13 How can ‘constructability’ improve sustainability in this project? 
14 How can the ‘working condition’ improve sustainability in this project? 
Post-construction stage 
15 How can ‘durability’ improve sustainability in this project? 
16 How can the ‘maintenance and operation cost’ improve sustainability in this project? 
17 How can ‘usage efficiency’ improve sustainability in this project? 
18 How can ‘waste disposal’ improve sustainability in this project? 
 
6.4.2 Archival Records and Documents 
When invited to participate in the interview sessions, the respondents were 
requested to provide related documents for the project such as IBS score report, 
progress report, drawing and specifications, environmental impact assessment report, 
and awards and achievements related to the project. These project records and 
documents provided additional information and facts to be synthesised by the 
researcher. 
6.5 IMPROVEMENT OF THE PROPOSED GUIDELINES THROUGH 
CASE STUDY PROJECTS  
The following sub-sections introduce the project background and additional 
information related to the case study projects. The results from the case study are 
also discussed in this section. The process involved in the case study was similar to 
the process in the semi-structured interviews, as each participant was provided: 1) an 
interview participant information sheet, 2) a consent form for a QUT research 
project, 3) the research framework, and 4) proposed guidelines. This process was 
repeated in every case study. 
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6.5.1 Project A 
Project A was a building project that provided a diverse range of facilities for 
Sharia justice hearings which cost about RM33 million. The seven-storey complex 
included five Sharia high courts, one lower Sharia court, a police station, defendant 
cells and a cafeteria. The construction land belonged to the state government and 
there were two existing bungalows on the proposed construction site. One was used 
by the National Anti-Drugs Agency as a meeting point and the other one was used as 
a garage for state government vehicles. The construction of this project replaced 
these building and aimed to provide more benefits to the local community. As 
explained by the respondent in the interview session, this project was the first court 
construction in Malaysia to use the IBS application. Information about the 
participants in this project is provided in Table 6-4. 
Table 6-4: Participants of Case Project A 
Organisation Description 
Client Department of Public Works, Malaysia 
Designer Organisation 1: One of the well-known architecture firms in 
Malaysia. Adopted a ‘modern tropical’ approach in the overall 
design principles. Company’s areas of specialisation are institutional 
buildings, shopping centers/retail, mass housing, hospitals and 
hotels. 
Organisation 2: Civil and structural design firm under the same 
umbrella company as the manufacturer with this project. Vast 
experience in designing IBS projects. 
Manufacturer An experienced precast concrete designer, manufacturer and 
installer. Has factories in Pulau Meranti, Kulai, Kuching and Alor 
Setar. 
Contractor A contractor with more than 18 years’ experience in the construction 
industry. Registered as Grade 7 (G7) with the Construction Industry 
Development Board (CIDB). 
 
Three respondents related to this project were interviewed. Each respondent 
represented a different organisation, namely, the civil and structural design firm, 
architecture firm and contractor company. All respondents confirmed that the 
framework provided them the ability to improve the sustainable deliverables of IBS 
applications and agreed that the 18 critical sustainability factors were significant.  
The proposed guidelines were assessed by the respondents and generally they 
believed that sustainability could be improved when the IBS buildings were designed 
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with the assistance of the proposed guidelines. Since there were previously no 
assessment tools or decision support tools for sustainability during the design stage, 
the structural designer (Respondent 1A) highlighted that most of the problems stated 
in the guidelines were experienced in this project especially problems involving the 
institutional dimension.    
In regard to the legislation factor, the respondent 1A stated that the 
organisational review was not conducted in this project. Problems arise when every 
stakeholder joins a “circle of blame” whereby no-one wants to be responsible for any 
sustainability efforts. This echoes the findings from previous literature showing that 
project participants often criticised each other for the lack of sustainable initiatives 
and implementation (Abd Hamid & Mohamad Kamar, 2011; Lutzkendorf & Habil, 
2011; Yang, 2012). Abidin (2010) argued that as long as there is no by-law or 
regulation enforcing the existing legislation to improve sustainability, the 
construction players will not care. Respondent 3A claimed that most of the time, the 
architect needed to emphasise the importance of sustainability in this project; yet, 
cooperation and responsibility for steering sustainability should exist among all the 
key stakeholders.   
Delivering sustainable construction requires action from all those engaged in 
the design, construction and maintenance activities for IBS applications. Proper 
planning and early integration can create consensus starting from the design stage 
which avoids miscommunication and misleading. The sustainable objectives should 
be set in the earlier stage so that the IBS project is always on track. Over time, the 
monitoring process should take place. Therefore, it was advised by Respondent 3A 
that  the guidelines should include a recommendation that a sustainability committee 
is set up and led by the sustainability manager. However, in Project A, the committee 
was not able to be set up since the levels of knowledge and experience among the 
players on sustainability were low and required more in-depth understanding of the 
sustainability concept and its applicability. The participants in this case study project 
confirmed that the recommendations provided in relation to the ‘knowledge and 
skills’ factor would be able to overcome this problem. 
The in-house designer and manufacturer allowed the contractor to proceed with 
the construction works even though the details drawing for the whole construction is 
not complete. However, the drawings needed to be approved before the permission 
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was given by the local authority to allow the construction to start. This is one of the 
good examples of the assistance provided in the proposed guidelines where the 
procurement system adopts concurrent engineering and an effective scheduling 
system. 
The project control guidelines were highlighted by Respondent 1A as an 
opportunity to keep the management and project teams informed and up-to-date on 
the sustainability efforts and the impact on the construction activities. The 
respondent suggested that the recommendation should also include an interim report 
which identifies existing unsustainable practices and the organisation’s response in 
integrating sustainability. Moreover, incentives and appreciation based on the 
performance would motivate the project participants to actively pursue sustainability. 
In conclusion, it was agreed by the respondents that the guidelines helped the 
players at the project level to practise the sustainability concept. Table 6-5 
summarises the main findings from Project A in relation to each of the critical 
sustainability factors. 
Table 6-5: Main findings in Case Project A 
No. Sustainability 
Factor 
Findings 
1 Legislation • Regulations enforcing standards in sustainability are 
required  
2 Procurement System • Having the design consultant and manufacturer under the 
same umbrella company eases the design process 
3 Standardisation • Participants at the project level are struggling to cope 
with the standardisation system 
4 Project Control 
Guidelines 
• Keep parties updated and informed on the sustainable 
activities by providing a report  
5 Production • IBS achieves a more systematic approach to production 
6 Knowledge and 
Skills 
• Sufficient knowledge and skills are required to set up an 
efficient sustainability committee 
7 Material 
Consumption 
• IBS reduces the material consumption 
8 Waste Generation • IBS reduces the construction waste and preserves the 
environment 
9 Labour Availability • More training schemes need to be provided  
10 Defects and 
Damages 
• IBS reduces defects and damage in building components 
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No. Sustainability 
Factor 
Findings 
11 Construction Time • IBS enables the ffective scheduling system and 
“Concurrent Engineering” adoption 
12 Labour Costs • IBS able to reduces labour costs 
13 Constructability • Important for ensuring buildability and encouraging 
simplicity so the speed of the installation can be 
increased 
14 Working Conditions • IBS reduces construction hazards and enables systematic 
storage and working lay out. 
15 Durability • More durable compare to building components 
constructed with conventional system 
16 Maintenance & 
Operation Costs 
• Reduce operation and maintenance costs and enables 
systematic monitoring system 
17 Usage Efficiency • Accommodate building requirements and improve energy 
efficiencies 
18 Waste Disposal • Manage waste efficiently by identify potential to be 
recycle for each construction components (etc. 
packaging, cut-off and damages components) 
 
6.5.2 Project B 
Project B was a building project that provided workstations and storage 
facilities for a government agency, The Royal Malaysian Customs. This agency is 
responsible for administering tax policies, indirectly helping the government to 
collect revenue and is also a critical facilitator in the global trade system.  
The construction site was located in Melaka, which is about 145 km from the 
south of the capital, Kuala Lumpur. The building construction consisted of a three 
story building, a guard post and a refuse centre. The project was relatively small with 
a contract price of RM8.8 million. The structure of the building mainly used precast 
concrete such as for piles, slabs, columns and walls. The total IBS score was 70%. 
The participants in this project are listed in Table 6-6. 
Table 6-6: Participants of Case Project B 
Organisation Description 
Client Department of Public Works, Malaysia 
Designer Organisation 1: The project was designed by the architecture 
department in the government agency, Department of Public Works, 
Malaysia. 
Organisation 2: Civil and structural design firm with vast 
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Organisation Description 
experience in designing IBS projects. Office located in Jalan 
Gombak, Kuala Lumpur. 
Manufacturer A precast concrete designer, manufacturer and installer. The 
administration office located in Bandar Manjalara, Kuala Lumpur. 
Contractor Registered as G6 with CIDB. 
  
 
Four respondents from this project were interviewed. They represented 
different organisations and have vast experience in the construction industry. 
Respondent 1B represented the client and was responsible for monitoring the 
construction process and ensuring the project was able to be completed. In the 
interview session, Respondent 1B highlighted that there was a problem during the 
production of the IBS components. This was mainly because of the local authority 
fragmentation. In this project, the authority for the mechanical and electrical systems 
failed to get agreement with the structural engineer. There were some discrepancies 
regarding the location of wiring and ducting installation. This resulted in delays and 
miscommunication among nominated sub-contractors. The recommendation 
provided in the guidelines to appoint a coordinator and assign skilled workers was 
seen as one of the solutions that could minimise fragmentation risk and help to 
eliminate this problem. The coordinator will be able to check any discrepancies in 
advance and the use of advanced technology such as pre-installed electric conduit 
and air conditioning systems will also reduce discrepancies. However, proper 
handling and effective planning are vital.  
Even though the creativity in design for IBS constructions is sometimes 
limited, respondent 2B emphasised that repetition and standardisation is important in 
IBS applications to ensure load stability especially when involving structural 
components. The standardisation of component size can reduce construction waste 
and, with the right combination, the aesthetic value of the IBS building will be better 
and more creative. According to Luther and Bauer (1987), the adoption of precast 
concrete in their case study project permitted the designer to use smaller columns 
compared to the conventional method and provided more floor spaces compared to 
conventional construction. In Project B in this study, the storage area was located on 
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the ground floor. With the usage of the precast column and beam, the length of span 
can be extended and can provide a larger area to accommodate storage requirements.  
The distance and location of the prefabrication plant is important for selecting 
the best option, not only to reduce costs, but also to improve sustainability. The 
frequencies of the transportation need to be reduced and optimised to prevent traffic 
congestion and excessive usage of fossil fuel. Proper planning and systematic IBS 
component production are vital to eliminate unnecessary resource wastages. 
Respondents 3B and 4B highlighted that the Just-in-Time method proposed in the 
guidelines were able to speed up the construction process and eliminate double-
handling for IBS components and construction materials. Polat et al. (2006) stated 
that JIT in small batches of IBS components can reduce the inventory costs. 
The interviewees in this project confirmed that imbedding sustainability into 
the IBS application is crucial and the assistance provided in the developed guidelines 
was helpful in making decisions. The critical factors were confirmed as the most 
important impetus that encourages the practitioners to make it a priority in their 
decision-making to pursue sustainability. Table 6-7 provides a summary of the 
findings from the Project B case study. 
Table 6-7: Main findings in Case Project B 
No. Sustainability 
Factor 
Findings 
1 Legislation • There is fragmentation between authorities 
2 Procurement System • Need to add sustainability requirements in the contract 
documents 
3 Standardisation • Standardisation in the IBS components able toreduce 
wastages 
4 Project Control 
Guidelines 
• Provide a checklist in monitoring project activities and 
sustainable reporting initiatives easily promotes 
5 Production • Proper handling and planning are able to optimise the 
output 
6 Knowledge and 
Skills 
• Apponted coordinator able to improve communication in 
IBS projects 
7 Material 
Consumption 
• Ensure material security and eliminate shortage in 
resources 
8 Waste Generation • Minimize the waste generation by systematic resources 
usage 
9 Labour Availability • More opportunity to the local workers to participate and 
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No. Sustainability 
Factor 
Findings 
break the negative image of construction activities 
10 Defects and 
Damages 
• Easier and fast installation reduces the possibility of 
structural components have defects or damages 
11 Construction Time • JIT method to speed up the construction process and 
reduce storage on site 
12 Labour Costs • Improve local economies and provide opportunities to 
local to participate in this industry 
13 Constructability • Labeling of components eases installation and delivery of 
components to the project site 
14 Working Conditions • More organised and systematic component flow at the 
construction site 
15 Durability • Reduce life cycle costs by ensuring the durability of the 
components 
16 Maintenance & 
Operation Costs 
• More systematic maintenance system 
17 Usage Efficiency • Build positive image for the IBS products whereas able to 
provide longer span and larger area 
18 Waste Disposal • Systematic disposal system 
6.5.3 Project C 
The Malaysian government emphasises the objective to provide better access to 
high quality and affordable education in the Tenth Malaysian Plan (Economic 
Planning Unit, 2010). As a developing country, Malaysia is working on improving 
the educational sector and disseminating knowledge and skills to improve the health 
of communities and also compete in the global market. The existing educational gap 
between urban and rural schools has been addressed by intensive efforts by 
government to provide more facilities and improve quality in schools across 
Malaysia especially in rural areas. Project C was located in Batu Pahat, Johor, which 
is a rural area. Agricultural is the main activity of the local community. 
The construction project consisted of three blocks of classrooms, an 
administrative staff office, two blocks of laboratories, a canteen and five blocks of 
school support facilities. The total contract amount was RM32.7 million. According 
to the IBS score report, the percentage of IBS usage for this project was 72.79%. 
This project was expected to be able to accommodate about 1200 students with its 30 
classrooms. Pre-stress cable was used for the precast elements to distribute the 
structural load. The precast concrete was used as columns, beams, slabs and wall 
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construction. Open tender was used as the procurement system in selecting 
contractors and participants in this project. The participants in Project C are listed in 
Table 6-8. 
Table 6-8: Participants of Case Project C 
Organisation Description 
Client Department of Public Works, Malaysia 
Designer Organisation 1: A leading architect firm in Malaysia. The office is 
located in southern Peninsular Malaysia, Johor Bahru. 
Organisation 2: A leading civil and structural design firm with more 
than 20 years’ experience.  
Manufacturer The company's products have been manufactured and marketed in 
Malaysia since the mid-1980s.The company is leading the Malaysian 
construction industry towards the standards of a highly industrialised 
nation. 
Contractor G7 contractor; has been awarded two IBS projects based on good 
performance and reputation. 
  
Four respondents from this project were interviewed to verify and validate the 
developed guidelines. The respondents agreed that the framework was able to 
improve sustainability in IBS applications. All the 18 factors were identified by the 
respondents as important factors to improve sustainability. Each critical factor, 
SWOT analysis and recommendation was discussed with each respondent during the 
interview sessions. 
Respondent 1C highlighted the importance of waste management. As the 
project manager, he observed that waste management was neglected by his 
organisation. He also overlooked this part as the project manager in managing the 
construction waste due to placing a priority on the physical progress of the project. 
The respondent agreed that the developed guidelines provided assistance by 
reminding him of the importance of sustainability and identifying actions that need to 
be taken to improve sustainability in IBS. For example, he said he would provide 
different bins to separate the different types of waste for the next IBS projects.  
As the designers, Respondents 3C and 4C highlighted that the guidelines were 
able to incorporate sustainability requirements by different stakeholders in the early 
stage. The simple and clear process provided in the guidelines would help the 
designers focus on the critical issues in making a selection or decision. The holistic 
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consideration would allow them to take account of other key stakeholders’ concerns 
on sustainability.  
Respondent 2C stated that one of the greatest advantages of promoting 
sustainability in IBS applications is reducing the physical activities on the 
construction site and transferring those activities to the factory environment. 
However, skilled labour is still required on site and in the factory, and the availability 
of this skilled labour remained the most critical concern in his opinion. The 
recommendation in the guidelines to provide certification and training programs to 
local workers would help overcome the labour shortage in this field. Cooperation 
from technical institutions in providing sufficient training to local workers is vital. 
Higher skills in IBS technology and good knowledge in sustainability will create 
opportunities to compete in a global market especially in the developed countries; 
these opportunities require legal documents in pursuing sustainability, such as 
corporate sustainability reporting or environmental performance index. On the other 
hand, the IBS production plant should also be placed in strategic locations to 
minimise fossil fuel consumption and encourage the development of local 
economies.  
Respondent 3C stated that the advanced technology and innovative techniques 
adopted in IBS application are able to improve building quality and durability. The 
perfect curing process, load testing assurances and use of factory-engineered 
concrete are some of the examples of innovation adopted in the construction of IBS 
buildings. These new methods replace the old conventions of building techniques 
which employed construction on site and often produced low quality buildings and 
required a lot of waiting time (for wet concrete to achieve its strength before 
dismantling the formwork). The local construction industry needs to undergo a 
marked evolution in its development and maturity to catch up to the higher demand 
of present construction development (Ibrahim et al., 2010). Table 6-9 summarises the 
findings from Project C. 
Table 6-9: Main findings in Case Project C 
No. Sustainability 
Factor 
Findings 
1 Legislation • Integration sustainability requirement in the legislation 
able to improve sustainable deliverables in IBS 
 Chapter 6: Case Study 195 
No. Sustainability 
Factor 
Findings 
application  
2 Procurement System • Shifts conventional assessment which focuses on the 
lowest cost to the long-term evaluation (life cycle cost) 
3 Standardisation • Standardisation eases the production processes 
4 Project Control 
Guidelines 
• Regular meetings to ensure sustainability initiatives are 
not overlooked 
5 Production • IBS enables more systematic production and integrated 
planning system 
6 Knowledge and 
Skills 
• Sufficient knowledge and skills required to set up 
efficient sustainability committee 
7 Material 
Consumption 
• IBS able to promote recycling and reuse of the 
construction materials in the components production  
8 Waste Generation • Should not be neglected by the top management team. 
Cooperation and awareness between the upper and lower 
levels in managing construction waste should be in 
proactive. 
9 Labour Availability • IBS able to reduces dependency on unskilled foreign 
labourers 
10 Defects and Damage • Effective storage and systematic deliveries of the IBS 
components can eliminate and reduce the components’ 
defects and damages 
11 Construction Time • Construction time is reduced by the effective scheduling 
system and concurrent engineering system adoption 
12 Labour Costs • Effective human resources management able to reduce 
labour costs and optimized the usage of labours either on 
or off site  
13 Constructability • Efficient design in IBS buildings able to enhance the 
speed of the construction and components’ installation 
14 Working Conditions • Higher safety on site and the storage of the IBS 
components is more organised 
15 Durability • The controlled production of the IBS components wiil 
ensure thequality and durability 
16 Maintenance & 
Operation Costs 
• IBS usage enables effective communication and ensures 
the information on the project is transferable 
17 Usage Efficiency • IBS enables the opportunity the designer to provide the 
optimum design to fulfill users’ requirements 
18 Waste Disposal • In managing construction waste either on or off site, the 
different types of bins can be used to separate waste and 
promoting reuse and recycling 
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6.6 SUMMARY 
This chapter presented the outcomes from the case study to test the ability of 
the developed guidelines to assist designers to improve IBS sustainability. An 
assessment of the implementation of the guidelines in real projects helped the author 
to improve the guidelines and ensure the significance of the decision tools in 
promoting sustainability. The process involved when using the developed guidelines 
also demonstrated how the guidelines can be used to assist designers when making a 
selection with regard to sustainability. The applicability and suitability of the 
guidelines to be used in Malaysia were confirmed by the industry participants. The 
literal replication was achieved and provides strong evidence that the number of case 
studies is appropriate. The participants’ comments and suggestions were taken into 
account in synthesising the project outputs. It was important to integrate the data 
from the case study results with the results from the questionnaire survey and 
interviews; this integration is discussed in the next chapter.  
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Chapter 7: Discussion and Findings 
7.1 INTRODUCTION 
This chapter furthers explain the results and findings on the data analysis 
reported in Chapter 4 (questionnaire surveys), Chapter 5 (interviews) and Chapter 6 
(case studies). The final research findings and recommendations are formulated, and 
the data analysis results are integrated with the findings from the literature study and 
further explained. The synthesis of both methods that were used for developing 
guidelines in this study, namely questionnaire surveys and semi-structured 
interviews, are discussed in detail; then, the development of the guidelines for 
sustainable IBS construction is presented. Accordingly, each critical factor identified 
from the previous analysis is explained thoroughly. For a validation and verification 
process, the case study, as reported in the previous chapter, was adopted to ensure the 
applicability and suitability of the developed frameworks and guidelines. 
7.2 DISCUSSION OF QUESTIONNAIRE SURVEY 
As explained in Chapter 3 (on the research design), a mix of quantitative and 
qualitative analysis was required for this research which led to the utilisation of a 
questionnaire and semi-structured interviews for data collection. An extensive 
literature review laid a firm foundation for formulating the survey and interviews. 
Results and findings from the data analysis contributed in answering the research 
questions and the achievement of research objectives. This section discusses the key 
findings of the questionnaire survey; the key findings of the semi-structured 
interviews are discussed in the subsequent section. 
7.2.1 Distribution of the Significant Sustainability Factors 
Before the critical factors were identified, the researcher investigated the 
distribution of the significant factors among the key stakeholders based on their 
ratings. As mentioned in Section 4.5.11, the cut-off mean value used in this study 
was 4.00 which represented significance. Figure 7-1 shows the percentages of 
distribution according to the different types of categories for different stakeholders.  
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Figure 7-1: Prioritisation of significant sustainability factors 
As shown in Figure 7-1, there were different understandings and prioritisations 
between different stakeholders. Lim (2009) identified four major factors which 
contribute to the different understandings of sustainability, namely: 
• Individual personality (e.g. upbringing, people thinking differently) 
• Professional learning (e.g. educational background, knowledge of jargon) 
• Nature of business (e.g. different interests, business specialisations), and 
• Nature of industry (e.g. fragmented industry, food chain hierarchy). 
It is important to note that the different levels of understanding about 
sustainability will contribute to different prioritisation in decision-making. Therefore, 
integration among key stakeholders is vital to improve construction efficiency.  
‘Implementation and enforcement’ was prioritised by the designer/consultant 
group as the most important compared to other categories. Architects and engineers 
basically take ideas and provide options to the clients. The suggestions will satisfy 
certain requirements either to accommodate expected functions and layout or fulfil 
structure and aesthetic requirements. The suggestions then will be developed into 
comprehensible plans and specifications that are used to construct the new IBS 
project. Most of the responsibility regarding the structural stability and whether the 
building will be able to function as expected or not will be laid on the designers or 
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consultants. Accordingly, the designers/consultants in this study prioritised this 
category as the most significant compared to the other categories. 
In contrast, the ‘implementation and enforcement’ category was selected by the 
contractors as less significant compared to the other categories. The nature of 
business for contractors is more related to profit gain and financial stability. In this 
study, it is proven that the contractors were more concerned with the actual project 
implementation issues which can impact on the financial aspects. Technical quality 
factors such as constructability, durability and adaptability and flexibility were also 
rated as more significant compared to the other categories.  
Similar to contractors, ‘economic value’ was also rated among the most 
significant categories by the manufacturer group compared to the ‘technical quality’ 
and ‘implementation and enforcement’ categories. The other two categories that 
received attention from the manufacturers were ‘ecological performance’ and ‘social 
equity and culture’. This reflects the nature of their work that requires them to 
address manufacturing and production issues.   
Interestingly, the group most concerned about ‘social equity and culture’ were 
the users. The perceptions among the users showed they were more concerned about 
social benefits compared to financial benefits. ‘Knowledge and skills’, ‘worker 
health and safety’ and ‘working conditions’ were among the factors included in this 
category. Users also prioritised ‘ecological performance’ as important compared to 
other categories. This indicates that users are gradually moving towards a greater 
maturity and becoming more concerned about resources for future generations. This 
situation also applied for the client group. The finding directly counters the argument 
by Bordass (2000) that clients are more concerned about additional cost and time 
compared to other factors when considering sustainability benefits. 
Patterns of distribution among the different categories are noted. The 
distribution percentages are similar for the ‘social equity and culture’, ‘technical 
quality’ and ‘implementation and enforcement’ categories. The other categories 
received slightly higher ratings but not more than 10%. The client tends to have a 
broader view on sustainability, rather than on project-specific sustainability issues 
such as ‘defects and damages’, ‘labour cost’ and ‘constructability’. On the other 
hand, the participants who conduct the physical works at the project level considered 
these issues to be very important in improving sustainability.  Accordingly, through 
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the statistical analysis, the researcher was able to synthesise the expectations and 
demands for all key stakeholders to show a consensus regarding how to make the 
best decisions for sustainability. 
It was expected that the authority group would identify ‘implementation and 
enforcement’ among the most significant categories of factors contributing to 
sustainability in IBS projects. Surprisingly, ‘economic value’ and ‘social equity and 
culture’ shared the same ratings with ‘implementation and enforcement’. This means 
that the authorities were aware of their responsibility to turn the sustainability goals 
into reality by monitoring the integration between each category of sustainability 
especially in relation to environmental and social issues.  
The findings from the study show that all sustainability factors were regarded 
as potential factors in improving sustainability. The distributions of the level of 
significance also show there was a balance between the different categories that 
contribute to sustainability pillars. Although the key stakeholders had their work-
specific and project-specific priorities, they shared a certain degree of communality 
with respect to the relative significance of the sustainability factors and were able to 
relate the contribution of each category to sustainability. Therefore, it is vital to 
establish common understandings of key IBS capabilities and engagement points for 
collaboration among key stakeholders. This will provide unified views and agreed 
approaches in IBS implementation during the decision-making process. 
7.2.2 Sustainability Pillars in IBS Implementation 
There were five categories identified to establish the logic and structure in 
processing critical factors for IBS sustainability. The categories were: ecological 
performance, economic value, social equity and culture, technical quality, and 
implementation and enforcement. This categorisation extends the “triple bottom line” 
to include social, economic, environmental and institutional dimensions. The five 
categories encapsulate the sustainability pillars (economic, social, environment and 
institution) or also known as “the sustainability prism” (Valentin & Spangenberg, 
2000) in IBS implementation, and are each discussed in this section.  
A conception model was created as a general guide to facilitate a systematic 
IBS decision-making approach (Figure 4-8). The combination of human aspirations 
and essential values such as social equity, environmental quality and economic 
constraints is important in developing business strategies and in formulating long-
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term goals for smart and sustainable built environments (Yang, et al., 2005). It is 
believed that these factors will provide the right perspective in achieving sustainable 
objectives.  
Economic value 
The economic value in IBS construction relates to the attributes that reduce 
tangible cost and intangible costs for the whole building lifecycle. Tangible cost is a 
quantifiable cost or expense arising from an identifiable source or asset such as 
purchasing construction materials, paying salaries or renting equipment and 
machineries. On the other hand, intangible cost is difficult to quantify and does not 
have a firm value. Estimations of the value are based on experience and assumptions. 
It represents a variety of expenses such as losses in productivity, marketing strategy 
or workers’ morale and motivation. The economic consideration in sustainable 
deliverables is expanded in terms of flexibility, adaptability and local or domestic 
situation. Individuals, nations, generations and long-term effects are all considered in 
setting the economic value in IBS construction.  
There are four factors in the ‘economic value’ category, namely: ‘construction 
time’, ‘production’, ‘maintenance and operation cost’, and ‘labour cost’. The 
duration of a construction project can be tremendously reduced by IBS application. 
However, proper planning and good supply chain management are very important. 
The ‘Just in Time’ and ‘Kanban’ systems can be adopted in IBS implementation 
which also reduce construction time. The controlled environment for IBS component 
or element production improves quality and prevents unwanted problems such as bad 
weather and difficulty in reaching nooks and corners, which are often inaccessible in 
traditional construction methods. On the other hand, it was found in this study that 
there were two factors relating directly to the cost issue, namely, the cost of 
maintenance and operations, and the cost of labour. This is consistent with findings 
in the literature (Blismas et al., 2006; Jaillon & Poon, 2008; Polat, 2008) that 
economic issues have significant impact on improving IBS sustainability. These 
factors were identified as more significant compared to the other factors because of 
the huge amount of capital needed to address the aspects of concern during the 
construction and operation stages. Interestingly, the participants noted the importance 
of including maintenance and operation cost in their evaluation.  
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Ecological performance 
The promotion of any attributes that will increase the ability of IBS 
construction to preserve natural resources and reduce negative impacts on the 
environment is necessary to ensure environment sustainability. Improvements in IBS 
component quality ensure consistent standards of insulation and service installation 
which reduce operational energy. Moreover, IBS offers major benefits in the 
environmental sphere, such as material conservation, and reductions in waste and air 
pollution. This has been proven by several researchers such as Jaillon et al. (2009), 
Baldwin et al. (2009) and Tam et al. (2007). The IBS components are locally 
manufactured using local products in reusable moulds. This significantly reduces 
transportation costs and traffic congestion. Moreover, the construction waste is 
minimised and most of the manufacturing waste is recycled. 
In this research, three critical factors were identified. These were: ‘waste 
generation’, ‘waste disposal’ and ‘material consumption’. Waste management was 
the most important criteria to improve sustainability from the perspective of 
environmental sustainability. ‘Waste generation’ was at the top of the rankings. In 
addition, the Kruskal-Wallis one-way ANOVA test showed that there were no 
differences between the various organisation groups for this factor (Table 4.10). The 
findings echo other researchers’ findings that IBS plays a major role in reducing 
construction waste. Baldwin et al. (2009) noted that appropriate design and 
standardisation in IBS implementation can effectively reduce generation of the 
construction waste on site. In addition, Tam et al. (2007) proposed that the IBS 
application should be adopted in facade and staircase construction because it is 
proven to reduce waste generation and improve environmental performance for the 
overall site conditions.  
‘Waste disposal’ was the second most significant factor in the ‘ecological 
performance’ category. Components from the IBS buildings can be reused and have 
the potential to be relocated without any partial or total demolition. IBS can be 
designed for deconstruction that will reduce waste disposal costs and divert waste 
away from landfill. However, consideration of dry-joints and deconstruction design 
early in the building process is necessary to accommodate the potential to be reused, 
reallocated or dismantled for maintenance works. On the other hand, the t-test of the 
means also suggested that ‘material consumption’ was the most significant factor in 
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this category. Jaillon and Poon (2008) noted that IBS applications can reduce 
material consumption by significantly reducing timber formworks, plastering, tiling 
and concrete works. Shen et al. (2009) demonstrated the benefits of waste reduction 
and cost saving from replacing cast in situ concrete with precast slabs for temporary 
works. This helps to explain why these three factors were ranked by the majority of 
respondents as the most significant factor in the ‘ecological performance’ category. 
Social equity and culture 
Social equity and culture are factors that offer long-term opportunities for 
workers and enhance the quality of life in the local community. Social equity and 
culture is vital in sustaining the wellbeing of the communities in which the IBS 
construction is to be operated. As suggested in the Agenda 21 report on sustainable 
construction (International Council for Building Research and Innovation, 1999), 
approaches in the planning, design or construction of a built environment should 
focus on being “people-centred” and “socially inclusive” to ensure the success of 
sustainable development.  
One of the interesting points in the respondents’ assessment of the ‘social 
equity and culture’ category was the selection of ‘knowledge and skills’ (rank 5) as 
the most significant factor. It is believed that the stakeholders were aware of the 
importance to build their knowledge and skills in order to compete globally and 
improve efficiency in IBS implementation. Valuable experience, knowledge, and 
skills among stakeholders can significantly improve the understanding of the 
sustainability benefits. Personnel with knowledge and skill in managing 
sustainability will have more responsibility to consider sustainability features such as 
renewable materials, waste avoidance strategies and indoor air quality. On the other 
hand, it was expected that ‘working conditions’ (rank 11) and ‘labour availability’ 
(rank 14) would receive higher significance ratings among respondents in this 
category. It is noted that IBS applications can provide better working conditions and 
providing more organised site conditions. This can reduce the risk of accidents and 
provide a conducive working environment. IBS applications can reduce the number 
of labourers required by replacing manual operations with mechanised operations. 
This advantage will reduce the construction industry’s reliance on unskilled foreign 
labour and increase interest among local workers to participate in this advanced 
technology.  
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Technical quality 
Technical quality is the factor that provides physically measurable attributes of 
procedures in IBS construction by meeting professional standards. It is important for 
technical quality to be evaluated in accommodating structural and architectural 
requirements. Building loads, foundation requisites and aesthetic requirements are 
some of the values to be considered. An evaluation of IBS in terms of technical 
quality helps to identify both the narrow and broad impacts of this system in 
improving sustainable deliverables. Consistency of quality in IBS is easier to achieve 
because of the controlled production. The integration of the technical quality in 
sustainability evaluation assists authorities to assess the system conformity to their 
respective building regulations and standards. Designers can also evaluate the safety 
and structural requirements of the buildings in decision-making in improving 
sustainable deliverables. 
In the ‘technical quality’ category, ‘constructability’ was considered as the 
most significant factor in improving sustainability for IBS applications. Other factors 
including ‘defects and damages’, ‘durability’ and ‘usage efficiency’ were also 
considered as significant. The Kruskal-Wallis one-way ANOVA test showed that 
there were no significant differences between organisational groups for the factors in 
this category, except for ‘constructability’ (χ2 = 20.032, p<0.002). The Mann-
Whitney test indicated that manufacturers had different perceptions compared to the 
designer/consultant, research/academic institution and authority/government agency 
groups. It is noted that the separation of designers and contractors in handling design 
and construction activities affects a project’s constructability. The manufacturer as 
the party that is responsible to produce the IBS components has to consider the 
requirements from the designer and authorities. Then, they have to ensure the 
possibilities and difficulties of the elements to be installed in the IBS buildings. A 
strategy that links design and the construction process is vital to develop consensus 
among all stakeholders in achieving sustainability objectives.   
Implementation and enforcement 
Implementation and enforcement are the factors that ensure that any planning 
will be carried out accordingly. Any good planning will be meaningless without 
proper implementation and enforcement. In Malaysia, government has shown 
commitment to implementing IBS in order to minimise construction time and reduce 
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the number of unskilled foreign workers in the industry. This commitment is well 
documented in government policies such as the Construction Industry Master Plan 
2006-2015 and the Roadmap for Industrialised Building System in Malaysia 2011-
2015. In addition, the government has put forward regulatory requirements and 
incentives in order to promote IBS (CIDB, 2007). As strongly emphasised in 
previous research (Evans et al., 2006; Spangenberg, 2002a, 2004; Spangenberg, 
2002b), institutional objectives must complement other sustainable objectives 
(economic, environment and social) to ensure the success of sustainable 
development. Participation and collaboration from the governance level are 
important elements in integrating sustainability in decision-making. This scenario 
will provide a strong platform for the overall implementation of sustainable 
initiatives. 
Perhaps the most surprising feature of the results was the relative significance 
of factors from the ‘implementation and enforcement’ category. One or two 
significant factors were expected but four factors were identified from the t-test of 
the means. These were: ‘procurement system’, ‘standardisation’, ‘legislation’ and 
‘project control guidelines’. This may suggest that the stakeholders started to be 
concerned about the importance of early stage consideration of integrating 
sustainability for IBS applications by institutions. It is believed that the capacity of 
the decision-maker to adopt systematic approaches and sustainability features in the 
selection of construction procurement systems is necessary when considering the 
best practice in construction procurement. On the other hand, IBS technology and 
processes are required to be produced by a single systematised approach which is 
also known as ‘product flexibility’. Standardisation, accurate dimensions and higher 
quality in IBS characteristics are among the advantages that make this approach 
possible and significantly improve sustainability. However, cooperation from 
government is vital to monitor and control the development of the IBS application. 
7.2.3 Conceptual Model of Sustainability Factors 
Most of the survey participants agreed that the sustainability factors from the 
five categories provided in this research were vital for improving sustainable 
deliverables in IBS construction. The consideration of these factors is essential and 
must be integrated in the decision-making. The relationship and contribution of these 
18 critical factors were investigated to assist in formulating efficient strategies with 
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regard to sustainability. Each factor makes a contribution towards sustainability in a 
logical relationship based on the sustainability pillars. Figure 7-2 presents the 
conceptual model of sustainability factors in improving sustainable deliverables for 
IBS construction. This model was used for further investigation in the semi-
structured interviews. 
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Figure 7-2: Conceptual model for decision-making in sustainable IBS construction 
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7.3 DISCUSSION ON SEMI-STRUCTURED INTERVIEW RESULTS 
The research results discussed in the previous section form the basis for 
developing decision guidelines to assist IBS designers to consider sustainability, 
select appropriate components and produce environmentally and socially responsible 
design solutions that are also financially viable. This focus was extended to further 
discuss effective strategies to respond to, deal with, and maximise benefits from 
these factors. The recommendations or potential strategies provided in the guidelines 
will assist the designer to make the optimum decision based on a consideration of the 
sustainability concern of all key stakeholders. The results obtained from the 
combination of the methods adopted in this research (questionnaire survey, interview 
and case study) were synthesised to produce the guidelines that would help designers 
make front-end decisions to enhance sustainability deliverables in IBS construction. 
The guidelines as illustrated in Figure 7-3 showed a clear linkage between each 
critical factor in the different construction phases. This conceptual framework was 
validated and verified by the interviewees as presenting the process involved in 
improving IBS sustainability. As no changes were suggested, this conceptual 
framework was finalised. Through qualitative study, semi-structured interviews were 
conducted to explore in-depth information for each factor and formulate solutions or 
action plans to consider, encapsulate, and improve IBS sustainability. 
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Figure 7-3: Guidelines process in IBS implementation to improve sustainable deliverables 
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7.3.1 Stages of IBS Implementation  
Pre-construction stage 
In the pre-construction stage, most of the factors involved were categorised as 
implementation and enforcement. It clearly shows that, for developing countries such 
as Malaysia, an effort from the authorities is very important as a starting-point to 
integrate sustainability. Legislation is required to ensure compliance and adherence 
to best practice and to promote consistency in interpretation and application. In 
Australia, legislation assists government to monitor resource management decision 
and to make recommendations and enforce standards that promote sustainability to 
some extent (Jenkins, et al., 2003). Currently there are many shortcomings in 
sustainable development such as unclear policy frameworks and inefficiency in 
sustainability assessment, especially in the long term, which can be addressed by 
legislation (Ross, 2010). Legislation also influences the education system and 
increases the understanding of the benefits of sustainability among the public and 
IBS stakeholders. Swanson et al. (2004), for example, emphasised that establishing 
clear and coordinated responsibility for the implementation of policy initiatives to 
improve sustainability is critical for progress. With a united effort and attention to 
detail from all key stakeholders, the task of integrating sustainability into IBS 
implementation can be executed more efficiently and increase the potential benefits.  
Simplification and accuracy in the delivery of information in IBS can provide 
clear direction for the construction process. The control and monitoring process can 
be easily conducted with responsibilities explicitly allocated to every stakeholder 
involved from an early stage of the construction. It is important to note that 
standardisation enables mass production and reproduction, which certainly reduces 
construction cost. For developed countries, standardisation systems for IBS 
implementation are well established and sophisticated. In Malaysia, adoption of the 
imperial system followed by adoption of the metrics system led to 
miscommunication and confusion for the local players regarding an appropriate 
standardisation system. An effort from government to introduce modular 
coordination will probably require a long introductory period to let stakeholders to 
adopt this standardisation system over time. The incorporation of the modular 
coordination in the production of IBS components and its installation at the 
construction site is vital to ensure buildability and economic efficiency. Construction 
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waste also can be limited, as the length and the size of the components can be 
optimised. Therefore, training, promotion, education programmes and 
comprehensive understanding of this standardisation system are paramount.    
In relation to economic value, only one factor was identified in the pre-
construction stage, namely production. Production is related to the ability to reduce 
cost by repetition, mass production and improve the quality of the products. From the 
social equity and culture perspectives, ‘knowledge and skills’ is vital to ensure the 
success of IBS implementation. Participants of the IBS projects must have sufficient 
knowledge and exposure to sustainability technologies in conducting construction 
works. 
Most researchers have highlighted that little concern has been given to the 
importance of considering ecological performance during the early stage of the 
construction. Two factors have been identified to respond to this gap in the early 
stage: material consumption and waste generation. In general, any reduction in on-
site works leads to waste reduction because of the controlled environment. IBS also 
promotes innovation in more efficient material management or design solutions by 
incorporating sustainability. 
Construction process stage 
Compared with many other industries, the construction industry is dependent 
on labourers to execute its activities. With supervision from professionals, labourers 
help to conduct the actual works on construction sites based on the designs provided. 
In this research, labour availability has been identified as a critical factor in 
improving sustainability in IBS construction. The IBS adoption can reduce the 
number of labourers needed, limit the number of labourers on-site at any one time, 
and improve the labourers’ skill levels. At the same time, IBS implementation can 
create a strata of middle-income workers instead of low-income workers. Another 
‘social equity and culture’ factor that was considered critical in this study was 
‘working conditions’. IBS implementation can reduce area usage and staging space 
required on site by adopting the JIT concept. The operation does not affect the right-
of-way and property boundaries and also encourages infrastructure development. The 
image of construction could be improved since IBS operations provide neat working 
conditions, less risk and easier installation. 
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Two technical quality criteria were identified in construction process stage, 
namely: 1) defects and damages, and 2) constructability. IBS components are 
delivered to the construction site to be assembled into the structure to function as 
expected in design. Defects and damages will reduce the structural performance of 
the IBS elements and accordingly increase the maintenance and operation cost. 
Simplification in IBS design assists the contractor to organise activities in the 
appropriate sequence of work. Contractors can ensure continuity of work by 
managing labour, plant and equipment at an optimum rate. As a result, the 
construction time is reduced by minimising the duration of production, installation 
and construction. Lead time advantages in IBS construction can provide ample 
spaces at the construction site and the IBS components can be used immediately as a 
platform after the installation. 
Integration of design and construction processes in the early stage will enable 
multiple synergies in the construction stage. The construction team can enhance 
sustainability by targeting the same goal individually. Consequently, the construction 
time will be reduced. The minimum usage of labour also reduces cost and underlines 
the advantage of IBS to increase profits. Any potentially unsustainable activities such 
as resource wastages can be eliminated. People who work on the construction site 
and surrounding area are the main focus during this stage in regard to improving 
sustainability.  
Post-construction stage 
In the technical quality category, two critical factors have been identified for 
the post-construction stage. The ability of IBS to cost-effectively construct highly 
durable buildings which have a long usable life improves the sustainability 
deliverables for this type of construction method. Longer spans and slimmer sized 
columns and slabs are examples of IBS characteristics that can improve usage 
efficiency. The capacity of usage is maximised and allows quicker occupancy for 
assembled components. 
From the economic perspective, maintenance and operation costs can be 
minimised to provide sustainability benefits for the long-term in IBS implementation. 
Proper documentation and as-built drawings provide sufficient information for 
warranty, specifications and building details. Operation costs can be reduced when 
the maintenance follows the schedule. High durability and long service life for IBS 
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buildings help in reducing maintenance and operation costs. Lifecycle costing 
provides the evaluation of the economic implications of the overall lifetime cost. The 
use of such an approach for IBS can ensure the output at the end of the design 
corresponds to an optimal and rational plan for maintenance and operation. 
The ecological performance not only depends on the material itself and the rest 
of the components that perform the function with it, but also on the way they are put 
in place, for example, the operation and maintenance requirements, on the system 
longevity and the location of the IBS buildings. In this study, waste disposal has been 
identified as the critical factor for this stage. As identified by previous researchers, 
IBS has a huge potential for reducing waste arising during the design and 
construction phases (Jaillon, et al., 2009; Shen, et al., 2009; Tam et al., 2007). The 
wastes from IBS implementation are low because of the controlled environment 
during production. In addition, the production of IBS components can use recyclable 
or renewable contents such as fly ash, silica fume and blast-furnace slag.   
7.3.2 SWOT Analysis 
The identification of strengths, weaknesses, opportunities and threats is a 
popular technique to analyse a project through the process of strategic management 
(Babaesmailli, et al., 2012). Strategic management provides a systematic approach 
and support for decision-making starting from the early stage. Moreover, this 
technique allows the decision-makers to discover and collect facts that have resulted 
from negative and positive perceptions. SWOT analysis originated from the business 
management literature to investigate internal and external factors in formulating the 
best strategy in decision-making (Markovska, et al., 2009). The purpose of 
investigating internal factors is to identify the weaknesses and strengths of a project. 
On the other hand, the external factors help to identify the opportunities and threats 
of the project (Stewart, et al., 2002). Consensus among the stakeholders from 
different spheres of work, competence, and interest can be obtained in order to 
improve sustainable deliverables in IBS applications.  
A series of scientific researches have adopted SWOT analyses in formulating 
solutions to respond to their research problems. According to Zavadskas et al. 
(2010), SWOT analysis has been widely used in economic activities and in 
formulating strategies to improve and strengthen the national innovations system, 
particularly for developing countries. Ghazinoory and Ghazinoori (2006) proposed 
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that SWOT analysis is suitable to be used to examine the innovation system situation 
as well as to study the best practices to be adopted in Iran. In Australia, Stewart 
(2003) adopted SWOT analysis to develop a strategic information technology and 
monitoring framework to enhance the effectiveness and efficiency in construction. 
Lu et al. (2009) adopted SWOT analysis as the basic methodology to gain an insight 
into the internationalisation of Chinese construction companies in the global market.  
In SWOT analysis, the internal and external factors are evaluated 
simultaneously by collecting all the possibilities and opportunities. In this research, 
each participant was involved in the semi-structured interviews. The interviewer had 
the opportunity to explore the issues under investigation in more detail. Unrelated or 
unnecessary answers can be avoided because any unclear answer can be guided by 
the interviewer by asking sub-questions which are more focused on the related issue. 
In this study, SWOT analysis provides the necessary framework to understand 
internal and external conditions of each critical factor. Such a decision-making 
framework also includes ‘action plans” to present information on what and how to 
improve sustainability through each critical factor. In essence, this would form part 
of the project briefing documents against which sustainability solutions can be 
considered and acted upon by the designers. Moreover, clear responsibility among 
IBS participants towards sustainability deliverables can be documented and 
potentially embedded in the contract. Developers and designers alike will have a tool 
to assess the potential of IBS to enhance sustainability. Therefore, SWOT analysis is 
the most appropriate research tool for this research. It is able to assist designers to 
determine benefits of IBS and its limitations, and to make the best use of this system 
to enhance sustainability without neglecting other key stakeholder considerations.  
In this research, SWOT analysis was carried out for each critical factor for 
sustainability in IBS implementation. The strengths, weaknesses, opportunities, and 
threats that construction stakeholders might face were identified and coded in 
formulating the interrelationship between themes and descriptions. The strengths 
were considered and listed on the SWOT framework. This section includes elements 
such as patents, capital, accreditation, and other factors that affected the recognition 
and reputation of the company. For weaknesses, aspects such as financial problems, 
poor morale or a small, unprofitable customer base were listed on the SWOT 
framework. Any available or upcoming opportunities were then considered and 
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listed, such as: access to new technology, new regulations opening up global trade, 
and trends moving construction stakeholders towards sustainability. In the threats 
section, any factors working against sustainability were recorded. Threats to 
sustainability included things such as negative perceptions, losing a supplier, and 
new and changing laws that may negatively impact sustainability efforts in IBS 
construction.  
The list of strengths, weaknesses, opportunities, and threats helped the 
researcher to analyse the elements that affected sustainability in IBS construction. 
The internal factors in the SWOT analysis dealt with strengths and weaknesses. The 
strategy or action plans can be formulated by understanding how strengths can help 
the researcher to reach the sustainability goals, and how the factor can be used 
effectively. Then, the researcher was able to analyse what steps could be taken to 
minimise or overcome weaknesses. On the other hand, the external factors in the 
SWOT analysis dealt with opportunities and threats. It can be analysed by deciding 
which opportunities would be best to pursue and create plans to minimise or 
neutralise threats that affected the factors in improving sustainability for IBS 
implementation. Therefore, the action plans can be formulated by analysing the 
internal and external factors.  
7.3.3 Designers as the Front-End in Decision-Making 
Based on the client’s brief and the requirements explained to the design team, 
the architect will produce an architectural design, which is then given to the 
structural engineers after the design is approved by the client’s representatives. After 
completing the structural design, the detailed specification such as types of materials, 
sizes and colours will be transferred in the contract documents. The successful 
contractor then appoints the manufacturer to produce the IBS elements and construct 
the building within budget and time located.  
Every party involved in the IBS implementation contributes to the success of 
the projects especially in improving sustainable deliverables. As identified in the 
literature review, six key stakeholders have been identified in IBS implementation. 
They are the designer, contractor, manufacturer, authority, client or developer, user 
and researcher. An integrated design environment is able to engage the stakeholders 
in the early stages of decision-making and ensure all sustainability potential can be 
optimised. Most of the participants highlighted the possibility of adopting concurrent 
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engineering in the IBS implementation. Concurrent engineering, also called 
simultaneous engineering, is a systematic approach to the integrated, parallel design 
of products and their process by considering all the elements of the product lifecycle 
(Evbuomwan & Anumba, 1998). The lifecycle design is included from the 
conception to disposal stage.   
The role of the designers is to facilitate the integration process. They have the 
ability to stimulate the project deliverables. As discussed in Section 2.3.3, the 
designers play an important role in integrating sustainability potential by considering 
all stakeholders’ concerns when they making a decision, such as in selection of IBS 
types for structural components or the building envelope. The guidelines provided in 
this research can assist IBS designers to engage with sustainability, select appropriate 
components and produce environmentally sustainable, socially responsible and 
financially viable design solutions.  
7.3.4 Outcomes of Managing Sustainability Potential in IBS Construction 
All participants in the interview sessions agreed that the factors identified in 
this study from the quantitative analysis represented the critical factors for 
sustainability in IBS implementation. In addition, the majority of them confirmed 
that the distribution and linkage between each critical factor provided in Figure 6.3 
were appropriate and able to help designers integrate sustainability more efficiently. 
In their view, the sustainability potential needs to be managed to ensure any 
opportunities in IBS implementation can be exploited. They believed that with 
proper consideration and selection, IBS applications can improve efficiency in 
construction and contribute to sustainability in relation to four different sustainability 
pillars, namely, economic, environment, social, and institutional. The proposed 
guidelines process was considered efficient based on its acceptance by participants in 
the semi-structured interviews and an assessment of its implementation in real 
projects (case studies). 
Extended consideration of the sustainability potential provides additional 
benefits to the designers, clients, authorities, manufacturers and all stakeholders in 
IBS applications. The perceptions of sustainability in IBS application will be 
changed. The implementation of sustainability at the project level is low and more 
information about its benefits is required. Even though the majority of the key 
stakeholders in IBS implementation are aware about the importance of sustainability, 
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most of them are reluctant to integrate this element because they think it will burden 
the organisation with additional costs. Most of the recommendations made in this 
study are related to change behaviour or willingness of the key stakeholders to 
enhance sustainability in IBS implementation by using economic instruments as a 
tool. Tangible and intangible benefits of pursuing sustainability need to be 
understood as a new dimension in the selection of the construction methods.  
The guidelines can assist the designers in deciding on critical sustainability 
elements in physical and social environments, selecting appropriate materials and 
components, and producing financially viable design solutions. This research 
demonstrates the potential to embed sustainability principles into IBS applications.  
7.3.5 Decision Guidelines for IBS Implementation 
This section presents guidelines for decision-making in sustainable IBS 
construction to encapsulate the 18 critical sustainability factors. Each guideline is 
preceded with the SWOT analysis before recommendations or suggested actions 
towards sustainability are presented.   
The guidelines provide a systematic decision support tool for the stakeholders 
in encapsulating sustainability. It demonstrates to the stakeholders how to manage 
sustainability potentials and what approaches can be used for analysing sustainability 
and maximising the advantages of IBS applications. The cooperation and 
participation of key stakeholders is very important. They are responsible for 
providing additional input into the SWOT analysis which matches the guidelines to 
the project requirements. The importance of their participation and full understanding 
of this approach needs to be highlighted. This will increase the key stakeholders’ 
interest in using the SWOT analysis which provided in the guidelines. The SWOT 
analysis presents the necessary framework to understand the internal and external 
conditions of each critical factor. Considerations of both the positive and negative 
aspects of pursuing sustainability can help “complete the scenarios” when making 
the best selection. Accordingly, the decision maker is able to effectively engage the 
stakeholders’ concerns about sustainability. This would form part of the project 
briefing documents against which sustainability solutions can be considered and 
acted upon by the designers. 
As explained in section 6.2, the case studies helped the author to provide real 
examples that demonstrate the process and implementation of the proposed 
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guidelines. The applicability and suitability of the outcomes from the questionnaires 
and interviews were checked and validated. The comments, suggestions and 
additional related information were integrated in the final guidelines to produce a 
more comprehensive resource. The guidelines are presented in the sequence shown. 
 
SWOT Framework: Legislation 
 
 Internal External 
Positive  
(+) 
Strengths Opportunities 
S1: Early stage integration 
S2: Mandatory order 
S3: Obligation 
S4: Government support 
O1: Integration of legal 
documents  
O2: Certification programmes 
O3: Long-term benefits 
O4: Global market 
O5: Good image 
 
Negative 
(-) 
Weaknesses Threats 
W1: Lack of incentives and regulatory 
procedures 
W2: Fragmentation of authorities 
W3: Little concern about sustainability 
issues 
 
T1: Client-driven 
T2: Higher initial cost 
T3: Limited understanding 
 
 
Recommendations: actions towards sustainability 
R1: Strengthen legal machinery to monitor IBS implementation 
R2: Conduct organisational review of the existing parties involved in the 
contract 
R3: Appoint sustainable officer/supervisor to ensure enforcement 
R4: Consensus among authorities – federal, state and local 
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A Guideline for Improving Sustainability in Legislation 
 
Context 
The vision to achieve sustainable development will not succeed if the policy 
approaches are weak and only have minimal legislative support. Government needs 
to implement strong policy for sustainable development and effective legislation. 
Legislation is required to compel compliance and adherence to best practice and 
promote consistency in interpretation and use. In summary, legislation provides a 
platform for monitoring agencies to make recommendations on how to balance 
economic, social, environmental and institutional pillars in making efficient 
decisions. 
 
Actions and Deliverables 
R1: Strengthen legal machinery to monitor IBS implementation 
• The authorities require more power to ensure the industry players are 
following rules and regulations provided in ensuring sustainability 
• Heavier fines or more stringent laws 
• Establish stronger enabling institutions (e.g. a specific agency coordinating 
governments and authorities) 
• Mandate modular coordination in Uniform Building By-Laws (UBBL) 
• Provide incentives for those who want to implement or who succeed in any 
sustainability programmes. 
R2: Conduct organisational review of the existing parties involved in the contract 
• Check obligations of each party in improving sustainability 
• Cover any loopholes and ensure the smoothness of the supply chain 
• Certification programmes 
• Explain long-term benefits for each stakeholder 
• Promote the good image of the IBS implementation. 
R3: Appoint sustainable officer/supervisor to ensure enforcement 
• Set up committee to ensure the implementation of sustainability 
• Projects lead by sustainability manager 
• Standardise sustainability programmes and meet the world standards to 
compete in the global market. 
R4: Consensus among authorities – federal, state and local 
• Cooperation from every party in the project for integration sustainability 
considerations from the early stage 
• Improve government support by more incentives, tax exemptions  
• Integration of legal documents  
• Understand the importance of sustainability and its benefits 
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SWOT Framework: Procurement System 
 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Systematic documentation 
S2:  Eliminate contractual barriers 
S3:  Provide higher specification 
S4:  Pre-contract input 
S5:  Contract document is clear, simple and 
easy to understand 
S6:  Transparency in procurement decisions 
 
O1:  Include optimisation 
strategy in the contract 
document 
O2:  Familiar with green 
contract documents  
O3:  Life-cycle cost 
integration  
O4:  Improvement in 
planning system 
O5:  Contract administration 
skills  
 
Negative 
(-) 
Weaknesses Threats 
W1:   Involve huge number of construction 
parties 
W2:   Require diverse knowledge 
W3:   Higher cost 
W4:   Require sustainability coordinator 
W4:  Supply Chain Management (SCM) and 
partnering concept has not been fully 
understood by the industry 
 
T1:  Smooth supply chain 
operation required 
T2:  Higher demand on 
designers’ ability 
T3:  Appropriate contract 
type 
T4:  Monopoly 
 
 
Recommendations: actions towards sustainability 
R1. Efficient and transparency in documentation system 
R2. Apply Just-In-Time (JIT) 
R3. Adopt Concurrent Engineering (CE) system 
R4. Registered IBS providers (RISP) 
R5. Green procurement & life-cycle cost integration  
R6. Effective scheduling system  
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A Guideline for Improving Sustainability in Procurement Systems 
 
Context 
An efficient procurement system is vital to ensure the acquisition of goods or 
services in IBS implementation. This will ensure the project goals can be achieved. 
Each activity in construction process does not occur in isolation. Therefore, all 
relationships should be identified and understood by all stakeholders. Simplification 
in documentation, the provision of clear information and explicit responsibilities are 
the characteristics of a sustainable IBS procurement system. Sustainable procurement 
is based on the whole life-cycle rather than the cheapest option and needs to engage 
at an early stage with the supply chain. Any changes that occur will probably be due 
to outside agencies, and will cause a risk of serious disruption to the project. It is 
vital to ensure the IBS projects are procured at the best possible cost to meet the 
client’s need.  
 
Actions and Deliverables 
R1: Efficiency and transparency in documentation  system 
• Systematic documentation and following design specifications 
• Able to eliminate contractual barriers 
• Provide higher specification 
• Contract document is clear, simple and easy to understand 
• Include optimisation strategy in the contract document 
• Knowledge sharing. 
R2: Apply Just-In-Time  
• Effective supply chain. 
R3: Adopt Concurrent Engineering system 
• Integration and consensus between stakeholders on the sustainable 
objectives  
• Higher demands on designers’ abilities 
• Appropriate contract type. 
R4: Registered IBS providers  
• Manufacturer provides the lowest priced and most suitable proposal  
• Ensure smooth supply chain 
• Coordinated by manufacturer 
• Avoid monopoly. 
R5: Green procurement & life-cycle cost integration  
• Eco-labelling 
• Pre-contract input 
• Provide transparent in procurement decision 
• Familiarise with green contract documents 
• Contract administrator skills 
• Sustainability coordinator to assist on any sustainability effort. 
R6: Effective scheduling system  
• Supplier to provided schedule of maintenance 
• Improvement in planning system. 
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SWOT Framework: Standardisation 
 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Mass volume (open system) 
S2:  Consistency in production 
S3:  Spare parts ready  
S4:  Cost reduction 
S5:  Increased re-production 
 
O1:  Certified manufacturer 
O2:  Variation to the external 
outlook 
O3:  Creativity for interior design 
O4: Enhanced architectural 
creativity 
 
Negative  
 (-) 
Weaknesses Threats 
W1:   Lack of knowledge  
W2:   Lack of responsiveness or 
flexibility 
W4:   Not for refurbishment project 
W5:   Misconceptions about 
standardisation 
W6:   Requires high volume to reduce 
cost 
W7:   Lack of standardisation 
 
T1:  Hindered creativity 
T2:  Planning constraints 
T3:  Monotony in design 
(repetitiveness) 
 
 
Recommendations: actions towards sustainability 
R1: Creativity in design 
R2: Cooperation from government 
R3: Knowledge sharing in standardisation & effective documentation 
R4: Interchangeability of components  
R5: Spare parts or components storage 
R6: Mass volume and effective production 
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A Guideline for Improving Sustainability in Standardisation 
 
Context 
IBS implementation requires standardisation to allow the massive production and 
reproduction of its components which will directly reduce the overall costs. 
Regularity, repetition and a record of successful practices are the three characteristics 
in standardisation (Gibb & Isack, 2001). The design process will integrate the 
extensive use of the procedures, products or components to enhance sustainability. 
Modular coordination is well documented in the Malaysian Standard (MS 10064: 
Part I -10: 2001). The standard provides dimensional basis and tools towards 
rationalisation and industrialisation of the building industry.  Standardisation also can 
improve sustainability by reducing production cost, providing flexibility and 
adaptability to accommodate any changes or requirements and reducing construction 
wastage. 
 
Actions and Deliverables 
R1: Creativity in design 
• Avoid repetitiveness that may cause monotony 
• Varied size of modules or units 
• Improve aesthetic value. 
R2: Cooperation from government 
• Government provides the standard 
• Incentive and tax exemption in standard components productions. 
R3: Knowledge sharing in standardisation & effective documentation 
• Increase information to explain how to use the standard components / 
elements. 
• Lack of standardisation requires designer to become familiar with many 
different systems in the market which are based on proprietary systems 
• Increase information explaining how to use the standard components / 
elements 
• Present successful projects and best standardisation approach 
• Mass volume (open system) 
• Certified manufacturers and stakeholders 
• Reduction in energy and materials consumption  
• Documenting  successful projects as exemplar projects.  
R4: Interchangeability of components 
• Facilitate the assembly and disassembly process 
• Rationalisation of construction processes 
• Facilitate maintenance, reuse and repair operations. 
R5: Spare parts or components storage 
• Open system provides replacement components ready when needed. 
R6: Mass volume and effective production 
• Re-production to reduce cost. 
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SWOT Framework: Project Control Guidelines 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Easier to control quality  
S2:  Simplify monitoring process 
S3:  Provide list of obligations 
S4:  Clear on the process involved 
S5:  Provide quality assurance 
S6:  Minimise failure or defects on 
components 
S7:  Provide guidance and list of 
activities involved 
S8:  Able to monitor tasks to complete 
S10: Systematic evaluation and 
assessment system 
S11:  Transform sustainability into 
tangible and perceivable benefits 
 
O1:  Design can be improved based 
on previous experiences 
O2:  Improve quality and standard 
O3:  Awareness of sustainability 
features 
 
Negative 
(-) 
Weaknesses Threats 
W1:  More detailed and complicated 
W2:  Requires proper process design for 
on-site assembly 
W3:  User manuals required for 
maintenance and operations 
W4:  Need to prepare a lot of 
documentation 
 
T1:  Details on integration efforts 
are required 
T2:  Tend to omit other objectives  
T3:  Change of perceptions required 
 
 
Recommendations: actions towards sustainability 
R1: Provide simple documentation for monitoring – e.g. sustainability 
reports 
R2: Appoint competent supervisor  
R3: Provide warranty and instruction manual  
R4: Prepare a guideline for document control, response and reporting 
procedure 
R5: Conduct design ecocharette 
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A Guideline for Improving Sustainability in Project Control  
 
Context  
Project control guidelines are able to provide an indication or outline of policies or 
required conduct in IBS implementations specifically for activities involved on site. 
Sustainability can be improved with monitoring from an appointed supervisor to 
ensure all the provided control guidelines are fulfilled. The basic principles of the 
project control guidelines are to provide details and simplify the contract documents. 
It provides checklists for the production and construction in IBS implementations. 
Moreover, the project control guidelines provide a list of obligations on the part of 
the testing laboratory and any required procedures. 
 
Actions and Deliverables 
R1: Provide simple documentation for monitoring 
• Easier to control quality 
• Simplify monitoring process 
• Provide a list of obligations 
• Clear on the process involved 
• Provide quality assurance 
• Provide guidance and list of activities involved. 
R2: Appoint competent supervisor 
• Minimise failure or defects in IBS components 
• Able to monitor tasks to complete 
• Avoid omitting other objectives such as time constraints, tangible cost. 
R3: Provide warranty and instruction manual 
• Improve quality and standard 
• Change perceptions. 
R4: Prepare a guideline for document control, response and reporting procedure 
• Details on integration efforts. 
R5: Conduct design ecocharette 
• Proper design for implementation especially on-site assembly and 
installation. 
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SWOT Framework: Production 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1: Eliminate site malpractices 
S2: Improve quality 
S3: Optimise structural design 
S4: Less wastage 
S5: High volume production 
S6: Advanced equipment control 
workmanship 
 
O1:  Factory conditions avoid bad 
weather problems and eliminate 
delays 
O2:  Reduce size of the structural 
components 
O3:  Able to produce affordable mass 
housing 
O4:  Produce in bulk and reduce 
transportation 
O5:  Has potential to link to building 
information modelling (BIM) 
 
Negative 
(-) 
Weaknesses Threats 
W1:  Remote areas incur increased 
mileage for transportation 
W2: Manufacturing facility 
overheads  
W 3: Delivery, setting and crane 
fees  
W 4: Architect or reseller fees  
 
T1:  Communication among project 
participants is paramount  
 
 Recommendations: actions towards sustainability 
R1: Appoint coordinator and assign skilled workers 
R2: Advanced technology adoption 
R3: Promote transparency in production process  
R4: Supply chain effectiveness  
R5: Proper planning and scheduling 
R6: Optimum design 
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A Guideline for Improving Sustainability in Production 
 
Context 
IBS uses the concept of mass production for a quality building. High-level quality 
control is required in order to make sure the implementation of an IBS is successful. 
This system means building on-site with elements or components produced by a 
series of plants. The process of each component production is planned and monitored 
to ensure the production and quality. The controlled production environment 
increases the quality of the components, avoids lost time through severe weather and 
reduces construction waste. From the financial perspective, the initial investment for 
the heavy machinery and production system is repaid when the cost savings are 
achieved over the whole life of IBS products. 
 
Actions and Deliverables 
R1: Appoint coordinator and assign skilled workers 
• Skilled workers to coordinate the production and installation process 
• Less wastage 
• Improved quality 
• Provide skilled foreman to operate advanced machineries. 
R2: Advanced technology adoption 
• Advanced equipment control workmanship 
• High volume productions 
• Precise productions 
• Link to building information modelling 
R3: Promote transparency in production process 
• Eliminates site malpractices. 
R4: Supply chain effectiveness 
• Provide a pool of skilled suppliers and manufacturers 
• Sufficient knowledge and skill in IBS production and operations 
• Effective communication among project participants. 
R5: Proper planning and scheduling 
• Produce in bulk  
• Reduce transportation 
• Reduce delivering, setting and crane fees. 
R6: Optimum design 
• Optimise structural design 
• Reduce size of the structural components. 
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SWOT Framework: Knowledge and Skills 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  IT to help improvement of knowledge 
and skills among players 
S2: Learned from internal projects 
S3: Adopted best practices in industry 
S4: Staff personal capabilities in 
skills/experience 
 
O1:  Increasing awareness on 
importance of sustainability 
O2:  Provide opportunity in green 
jobs 
O3: Eliminate defect and problems 
O4: Improve companies and 
personal reputation 
O5: Improve customer satisfaction 
 
Negative 
(-) 
Weaknesses Threats 
W1: Lack of expertise 
W2: Poor communication among IBS 
participants 
W3: Stakeholders uninformed about IBS 
sustainability, leading to decisions 
being made without sustainability 
consideration 
W4: Lack of adequate knowledge 
W5: Academic programs in IBS are not 
satisfactory 
W6: Mentality in making decisions based 
on the lower cost and use of unskilled 
workers 
W7: Don’t have a proper channel to 
manage information and knowledge 
about IBS 
 
T1: Teaching in learning 
institution is not putting the 
importance of sustainability 
on the priority list 
T2: Ambiguities in design 
T3: Improper knowledge and 
skills  
 
 Recommendations: actions towards sustainability 
R1: Focus on principles and practices 
R2: Educate team 
R3: Develop new course 
R4: Provide appropriate training 
R5: Use advanced technology 
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A Guideline for Improving Sustainability in Knowledge and Skills 
 
Context  
IBS implementation requires deep understanding of its application and potential to 
improve sustainable deliverables. It should be possible to access any relevant 
information and available technology wherever that information may reside. Experts 
and skilled participants are urged to share their knowledge and skills to promote the 
expansion of IBS specifically in improving sustainability. It is important to increase 
knowledge and exposure to sustainable technologies with available crafts, technical 
skills or experiences in IBS implementation. Doing this effectively requires the 
appropriate application of the appropriate sustainable technology for the appropriate 
situation and operation.  
 
Actions and Deliverables 
R1: Focus on principles and practices 
• Introduce successful projects to be followed 
• Sharing knowledge and information 
• Learn from internal projects 
• Eliminate ambiguities in design. 
R2: Educate team 
• All parties to be informed about sustainability features 
• Emphasise maintenance requirements 
• Make sustainability efforts a main consideration 
• Provide adequate knowledge to participants 
• Change the mentality from making decisions that favour lower cost to 
decisions that favour more sustainable options. 
R3: Develop new course 
• Overcome any lack of expertise 
• Expose engineering students to the importance of sustainability  
• Develop intensive modules for universities to train new players in the IBS 
industry.  
R4: Provide appropriate training 
• Staff personal capabilities in skills/experiences highlighted 
• Improve workers’ abilities 
• Expose current workers to sustainability benefits. 
R5: Use advanced technology 
• IT to help improve knowledge and skills 
• Improve communication through advanced technology 
• Provide proper channels to manage information and knowledge on 
sustainability. 
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SWOT Framework: Material Consumption 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Controlled production leads to less 
consumption of materials 
S2:  Precast concrete is an inert substance 
which does not emit or give off gases 
of compounds 
S3    Precast concrete does not attract 
mould or mildew 
S4:  Precast concrete absorbs Co2 
S5:  Termite-proof 
S6:  Often uses local materials 
S7:  Optimisation starts from the early 
stage   
S8:  Design is more effective with 
minimum size  
 
O1:  Invent new materials or 
composites 
O2:  Design to get longer span 
O3:  Encourage recycled and 
reused materials 
O4:  Promoting local economy 
O5:  Increase biodiversity 
through landscaping and 
street furniture  
O6: Able to use recycled material 
O7: Able to control usage of 
materials and provide 
material security 
 
Negative 
(-) 
Weaknesses Threats 
W1: Requires large amount of renewable 
resources 
W2: Supervision from certified officer 
 
 
T1: Materials have a large 
footprint 
T2: Large usage of embodied 
energy  
 
 Recommendations: actions towards sustainability 
R1: Promote recycle materials and resources 
R2: Use local resources and materials 
R3: Examine the nature of the materials used 
R4: Regulation to use sustainable resources 
R5: Effective and optimum materials handling 
R6: Follow specification provided 
R7: Adopt less materials technology 
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A Guideline for Improving Sustainability in Material Consumption 
 
Context  
The application of IBS in construction will reduce the consumption of materials. This 
will not only give the participants economic benefits but will also protect the 
environment and achieve social progress by reducing the consumption of natural 
resources and energy. This, in turn, leads to the realisation of a range of other 
benefits including better market image and increased investor confidence. 
 
Actions and Deliverables 
R1: Promote recycle materials and resources 
• Reused materials and products such as grey water, used aggregates, used 
reinforcement 
• Reprocessed available materials. 
R2: Use local resources and materials 
• Ensure material security 
• Increase the local economy. 
R3: Examine the nature of the materials used 
• Evaluate the life-cycle of materials (short/long, renewable/unrenewable) 
• Use alternative materials that have low impact on the environment (e.g. 
low polluting, low energy use) 
• Prefer to choose materials which have the potential to be  reused and 
recycled 
• Durable materials. 
R4: Regulation to use sustainable resources 
• Preserve natural resources 
• Use renewable resources, plantation materials – avoid using non-
renewable resources such as metals, fossil fuels. 
R5: Effective and optimum materials handling 
• Prepare accurate cutting list, and components location 
• Use off-cuts wherever possible. 
R6: Follow the provided specifications 
• Help to reduce wastage 
• Able to deliver longer service period (more durable). 
R7: Adopt technology that uses less materials 
• Use more efficient designs such as hollowcore, bubbledeck and 
lightweight components. 
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SWOT Framework: Waste Generation 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  No waste 
S2:  Less debris 
S3:  Exact elements are delivered to the 
site 
 
O1:  Reduce wrapping for elements 
delivered on site 
O2:  Prevent waste by proper 
maintenance 
O3:  Design with whole life-cycle in 
mind to minimise waste 
O4:  Specify & use reclaimed or waste 
materials in construction 
O5:  Recycle waste 
 
Negative 
(-) 
Weaknesses Threats 
W1: Ineffective planning causes mass 
wastage 
W2: Precise dimension and 
measurement required for each 
element 
 
T1:  Requires proper handling 
T2:  Damage during transportation 
and handling 
T3:  Problem of elements being unfit 
for purpose 
 
 Recommendations: actions towards sustainability 
R1: Precision in size and dimension  
R2: Proper handling 
R3: Higher penalty and tax impositions 
R4: Design for the environmental impact 
R5: Efficient planning 
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A Guideline for Improving Sustainability in Waste Generation 
 
Context  
The most advantageous solutions to reduce construction waste are based on IBS. The 
usage of IBS contributes to both material conservation and waste reduction. With 
proper planning and strategising in IBS implementation, the generation of waste in 
the production and construction process can be reduced tremendously compared to 
conventional construction methods. The IBS characteristics of flexibility and 
adaptability allow for planning changes. In the deconstruction phase, the IBS 
components can be demounted for reconfiguration and relocation without demolition 
waste. In addition, the waste generation can be reduced by the application of modular 
coordination, bulk production and factory applied finishes. 
 
Actions and Deliverables 
R1: Precision in size and dimension  
• Minimise design variations errors 
• Precision in the production of IBS components (size, dimension) 
• Use of advanced technologies and machines. 
R2: Proper handling 
• Provide fragile stickers where appropriate 
• Manual for handling the IBS components and materials 
• Train workers 
• Reduction in unnecessary wrapping.  
R3: Higher penalty and tax impositions 
• Impose limits for the generation of construction waste 
• Apply penalties and additional tax for those who exceed the limit. 
R4: Design for the environmental impact 
• Investigate the life-cycle of the components and the impact on the 
environment such as carbon emission  
• Specify and use reclaimed or waste materials in production 
• Source reduction by the optimum design. 
R5: Plan efficiently 
• Monitor labour usage and workforce 
• Design with whole life-cycle in mind to minimise waste. 
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SWOT Framework: Labour Availability 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Reduced training needs 
for operatives  
S2:  Workers in a 
prefabrication plant are 
able to be more 
proficiently experienced 
at specific tasks  
S3: Able to reduce numbers 
of labourers 
S4: Locally manufactured 
 
O1:  Labour unions and contractors do not have 
any arguments about using IBS 
components in construction sites 
O2:  The labour has a high skill in production 
because of repetitive work 
O3:  Hiring local business helps to support the 
local economy 
O4:  The skills and capabilities to build and use 
IBS efficiently at the local level will 
contribute to more vibrant, resilient 
communities that can sustain themselves 
economically in the long term 
O5:  Reduced labour workers 
O6:  Safety and productivity performance 
should improve 
 
Negative 
(-) 
Weaknesses Threats 
W1:  Lack of continuous 
employment for workers 
W2: Lack of expertise in IBS  
W3: Lack of information 
W4: Low number of 
competent installers 
 
T1:  Local highly skilled crews to erect precast 
concrete elements safely on site are 
required 
T2: Competent labourers are required  
T3: Risk need to be managed efficiently to 
reduce accidents 
 Recommendations: actions towards sustainability 
R1: Technical institution cooperation 
R2: Certification and training programs 
R3: Understanding of IBS benefits 
R4: Plant at the strategic locations 
R5: Documented forecast demands 
R6: Skilled workers and experts available 
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A Guideline for Improving Sustainability in Labour Availability 
 
Context  
Concern that shortages of skilled labour may constrain the development of new 
projects in the resources sector in coming years has motivated governments to shift 
the paradigm in managing the construction industry. The “3D” (dirty, dangerous and 
difficult) image of the construction industry needs to be replaced with an image of 
simple, safe and easy construction activities. The changes will help to attract local 
and skilled workers to participate in the industry. It will reduce the demand for 
workers for on-site construction (e.g. labourers, supervisors and other supervisory 
and site management personnel). Labour availability is very important to improve 
sustainability in the construction industry.   
 
Actions and Deliverables 
R1: Technical institution cooperation 
• Produce competent IBS workers (installers, manufacturers and checkers) 
• Expose new players to IBS implementation 
R2: Certification and training programs 
• Skilled workers to operate machines and advanced technologies 
• Execute works efficiently 
• Reduce risk to safety and workers’ health 
R3: Understanding of IBS benefits 
• Lower numbers of labourers required 
• Sharing information on IBS benefits 
• Agreement to adopt IBS among the labour unions 
• Sustain sustainability benefits for the long term. 
R4: Plant at the strategic locations 
• Avoid remote and regional areas of the state 
• Reducing transportation cost 
• Offer stable employment opportunities to local people 
• Local manufacturing helps the locals economy. 
R5: Documented forecast demands 
• Analyse the trades required 
• Forecast and estimate the size of the workforce required. 
R6: Skilled workers and experts available 
• Skills improve because of specific tasks 
• High skill in production because of repetitive works 
• Registered IBS providers programs – appoint experienced main 
contractors to select sub-contractors. 
• Improved efficiency and demand reduction measures  
• Skill formation strategies.  
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SWOT Framework: Defects and Damages 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Fewer quality problems 
S2:  Higher quality on factory 
production to minimise defects 
and damages 
 
O1:  Tag to provide detail information 
 
Negative 
(-) 
Weaknesses Threats 
W1: Renovation for IBS could be 
difficult 
W2: Maintenance cost could be 
higher 
 
T1:  Higher cost could be experienced 
if the condition is different than 
stated 
 
 Recommendations: actions towards sustainability 
R1: Provide list of common defects and damages for IBS implementation 
R2: Monitoring the condition of the site 
R3: Use a strategic approach 
R4: Ensure quality 
R5: Systematic identification system 
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A Guideline for Improving Sustainability in Defects and Damages 
 
Context  
Defects such as contaminants, porosity and dimension failures may be introduced in 
IBS components during processing and prefabrication. Damages induced in service 
under loading and environmental variations include structural failures and cracks on 
the IBS components. Factory conditions and structured environments in the 
manufacturing plant assure better quality control, thereby avoiding some unnoticed 
defects that require later repairs. This system also reduces failures in achieving 
specifications and limits damage to the products before final completion.  
 
Actions and Deliverables 
R1: Provide a list of common defects and damages for IBS implementation 
• List of structural elements 
• List of architectural elements. 
R2: Monitoring the condition of the site 
• Monitor the services performance of the building (within 5-10 years) 
• Higher cost might arise for maintenance works if the building condition 
did not monitored over the time. 
R3: Use a strategic approach 
• More holistic in nature 
• Consider maintenance for the long term. 
R4: Ensure quality 
• Higher quality in IBS elements prevent defect and damage problems 
• More defects and damages will contribute to a higher disposal cost 
• Avoid some unnoticed defects that require later repairs. 
R5: Systematic identification system 
• Tag to provide details such as casting date, strength and component 
codes. 
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SWOT Framework: Construction Time 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Ability to be used after installation 
S2:  The speed of construction can be 
improved by converting some 
critical site casting activities into 
pre-casting works 
S3:  Precast concrete allows other 
trades to begin work more 
quickly, speeding up the 
construction time and saving costs 
S4:  Precast elements can be delivered 
just in time for erection, reducing 
unnecessary handling and 
equipment use  
S5:  Storage reduced (no raw material 
on site) 
S6: Minimise on-site problems (bad 
weather, labour issues) 
 
O1:  Fast construction on site means 
fewer disturbances for 
surrounding properties  
O2:  Use strategic lead-time 
management – provide elapsed 
time 
O3:  Opportunity to work 24/7 
O4:  Integrated with automation and 
intelligent management system 
O5:  Less finisher works on site 
O6: Concurrent engineering 
O7: Reduced accident rate will be 
able to speed up construction 
time 
O8: reduce cost because of faster 
occupation of the constructed 
building 
 
Negative 
(-) 
Weaknesses Threats 
W1: Freeze design from the early stage 
 
 
 
T1: Customer requirement might 
change 
T2: Real time demand 
T3: Depends on the supplier ability 
 
 Recommendations: actions towards sustainability 
R1: Adopt efficient delivering system   
R2: Manage available lead times strategically  
R3: Effective supply chains  
R4: Clarify client’s requirement  
R5: Systematic identification system  
R6: Efficient site planning and site layout  
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A Guideline for Improving Sustainability in Construction Time 
 
Context  
The duration of the construction can be reduced by moving on-site to the factory 
environment. The lost time due to uncontrolled weather conditions and unexpected 
traffic congestions can be avoided  The production in the factory is also able to 
maintain precision and reach any difficult area, which is hard to get when using the 
conventional system.  The construction site can be organised effectively. The design 
and construction process is able to be integrated during the early stage, which 
enables multiple synergies in the construction stage and provides the optimum time 
to complete the project earlier. Moreover, lead time advantages in IBS construction 
will provide ample space at the construction site and the IBS components can be 
used immediately as a platform after the installation. The advanced technology and 
equipments in the factory also reduce the construction time.  
 
Actions and Deliverables 
R1: Adopt efficient delivering system 
• Use Just-in-Time system (required components when needed) 
• Use Kanban system (effective scheduling system to plan what to produce, 
when to produce, and how much to produce)  
• Minimise site storage. 
R2: Manage available lead times strategically 
• Minimise transportation 
• Minimise storage capacity. 
R3: Effective supply chains 
• Good communication among participants  
• Available storage and spare components 
• Appoint only capable supplier. 
R4: Clarify client’s requirements 
• Incentive scheme (e.g. if able to complete earlier, there is a bonus in 
terms of financial reward). 
R5: Systematic identification system 
• Technical information on the tag 
• Easier to store and manage. 
R6: Efficient site planning and site layout 
• Easier to transport IBS elements. 
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SWOT Framework: Labour Cost 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:   Reduce reliance of unskilled 
foreign labour 
S2:   Able to retain employee 
S3:  Constant labour cost 
 
 
O1:   Reduced unexpected cost or 
additional cost from unskilled 
foreign labour such as levies 
and taxes 
O2:   Employee satisfaction  due to 
financial stability 
O3:    Skills and knowledge among 
local communities increased 
 
Negative 
(-) 
Weaknesses Threats 
W1:  Higher cost for each skilled 
personnel 
W2:  Lack of skilled personnel 
 
T1:  Middle income trap 
T2:  Skill to manage local workers 
required 
 
 Recommendations: actions towards sustainability 
R1: Provide minimum salary rate  
R2: Tax exemption  
R3: Efficient human resources management  
R4: The distribution of wealth 
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A Guideline for Improving Sustainability in Labour Cost 
 
Context  
The labour cost includes the cost of wages which have to be paid by the employer to 
the workers during an accounting period such as monthly or daily, as well as the cost 
of employee benefits and payroll taxes. The factory environments in IBS 
implementation provide a stable employment opportunity and improve the local 
economy. On the construction site, the number of labourers can be significantly 
reduced by moving all the activities which used to be executed on the construction 
site to the factory. The labour cost is also reduced by reducing the number of 
labourers need and using advanced technology and machines. This provides 
opportunities for labour utilisation and increased productivity. 
 
Actions and Deliverables 
R1: Provide minimum salary rate 
• Stable work environment 
• Attraction to the local people to participate in the IBS industry 
• Employee satisfaction due to the financial stability 
• Able to retain employees 
• Constant labour cost. 
R2: Tax exemption  
• More locals improve knowledge and skills to participate in the industry 
• Reduce unexpected or additional cost from unskilled foreign labour 
employment. 
R3: Efficient human resources management 
• Resources levelling 
• Optimum numbers of labours 
• Skill labourers 
• Effective appointment or recruitment system (e.g. sub-labour or hourly or 
monthly basis). 
R4: The distribution of wealth 
• The availability of skills and knowledge among the locals assists in a fair 
distribution of wealth 
• Provide equality of wealth of various members or groups in a society  
• Reduce reliance on unskilled foreign labourers. 
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SWOT Framework: Constructability 
 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Efficient designs minimising 
construction wastage on site 
S2:  Efficient use of construction 
resources  
S3:  Enhanced ease and safety of 
construction site 
S4:  Tasks easily accomplished for 
competent workers 
S5:  Simplified work on site 
S6:  Faster completion 
 
O1:  Produce component details with 
computer aided technology 
O2:  Use high technology machinery 
O3:  Provide laboratory conditions 
which can test or verify each 
component produced 
O5:  Value creation 
O6:  Integration with BIM 
 
Negative 
(-) 
Weaknesses Threats 
W1: Lack of communication in the 
design and construction process 
W2: Joint problems 
W3: Limitation on creativity for 
designers 
 
T1: Lack of experience in handling 
IBS projects 
T2: Limited suppliers and higher price 
 
 Recommendations: actions towards sustainability 
R1: Effective planning and scheduling  
R2: Efficient design 
R3: Enhance the level of communication 
R4: Competent workers  
R5: Advanced technology adoption 
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A Guideline for Improving Sustainability in Constructability 
 
Context 
Constructability is an approach that links the design and construction processes. 
However, the levels of knowledge, experience and cooperation among all the 
stakeholders are important to ensure the components can be assembled without any 
problems and can meet the scheduled date. In IBS applications, it is important to 
improve the management flow of building materials and organise other sources 
especially if the construction involves different suppliers for various components. 
Constructability can contribute to sustainability by providing ease of construction, 
simplification, dimension coordination and design integration to achieve the overall 
project objectives. 
 
Actions and Deliverables 
R1: Effective planning and scheduling 
• Ensure continuity of work by managing labour, plant and equipment  
• Supply chain management – flow of materials or components into the 
growing IBS building  can be  maintained at an optimum rate 
• Ensure the assembly sequence is logical and the building process can be 
followed easily 
R2: Efficient design 
• Minimising the construction waste 
• Simplification, easy installation and standardisation will reduced 
construction time 
• Achieve quality and structural requirement 
• Eliminate compatibility problems 
• Design facilitates the efficient use of construction resources and enhances 
ease and safety on the construction site 
• Efficient use of the construction resources. 
R3: Enhance level of communication 
• Reduce misunderstanding during installation works 
• Reduce compatibility problems 
• Hold periodic meetings to solve problems when they occur. 
R4: Competent workers 
• Installation will be easier when it is done by competent workers 
• Certified personnel to conduct production and installation works  
R5: Advanced technology adoption 
• Produce component details with computer aided technology 
• High technology machines and equipments to produce high quality and 
precision components 
• Provide laboratory condition to test and verify each component produced. 
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SWOT Framework: Working Conditions 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:   Improved site tidiness 
S2:  Reduced on-site incidents  
S3:   Provide clean and organised 
working conditions 
S4:  Simplify construction method and 
process 
S5:   Provide more comfortable 
situation  
 
O1:  Immediate use after installation 
O2:  Increased expertise in one area 
O3:  Change construction image 
O4:  Encourage safety procedures on 
site 
O5:  Reduce obstruction for access 
 
Negative 
(-) 
Weaknesses Threats 
W1: Higher cost for skilled workers 
W2: More documentation and 
monitoring works 
 
T1: Additional cost 
T2: Lack of supply chain management 
 
 Recommendations: actions towards sustainability 
R1: Efficient planning on work schedule 
R2: Easy access and effective layout  
R3: Signage and information label 
R4: Employment satisfaction 
R5: Regular visits to operation site 
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A Guideline for Improving Sustainability in Working Conditions 
 
Context 
The IBS application can provide better working conditions and more organised site 
conditions. The working conditions are all the existing circumstances affecting 
labour in IBS production or installation, including job hours, physical aspects, legal 
rights and responsibilities. The ability of IBS implementation to reduce the number 
of labourers involved will reduce the risk of accidents and provide a conducive 
working environment. Consequently, the market image of the construction industry 
can be improved. These advantages will reduce the construction industry reliance on 
unskilled foreign labour and increase interest among local workers to participate in 
this construction system.  
 
Actions and Deliverables 
R1: Efficient planning on work schedule 
• Optimum job hours 
• Reduce cost for labour 
• Effective supply chain management. 
R2: Easy access and effective layout 
• Space and access to execute production and installation works 
• Improved site tidiness 
• Reduced site incidents 
• Clean and organised working conditions 
• Simplified construction method and process 
• More comfortable situation and working environment 
• Reduced obstruction for access. 
R3: Signage and information label 
• Encourage safety procedures on site  
• Efficient use of personal protective equipment (PPE) 
• Provide clear information on the working conditions and risk assessment. 
R4: Employment satisfaction 
• Increased expertise in specific areas 
• Stable employment 
• Eliminate the “3D” of construction works and improve construction 
image. 
R5: Regular visits to operation site 
• Ensure proper adherence to sustainable initiatives. 
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SWOT Framework: Durability 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Long-term durability and low 
maintenance costs 
S2:  Can be left in place during renovation 
or redevelopment projects 
S3:  Moisture resistant 
S4:  Termite and insect resistant  
S5:  Disaster resistant 
S6: Tough and can withstand wear and tear 
S7: Gains strength as it ages, won’t shrink, 
distort or move and will not deteriorate 
with exposure to climatic change 
S8: Impact resistant and hard to cut 
S9: Higher fire resistance 
 
O1:  Able to incorporate the 
architecture into the 
structure to enlarge the 
panel sizes 
O2:  Curing in factory 
O3:  Minimise cost for 
maintenance  
 
Negative 
(-) 
Weaknesses Threats 
W1: Regular maintenance required 
W2: Incompetent designs that may 
ultimately bring about poor production 
quality 
W3: Upfront cost to purchase better quality 
building components 
 
T1: Maintenance from experts or 
skilled workers 
 
 Recommendations: actions towards sustainability 
R1: Provide life-cycle cost analysis  
R2: Competent designers 
R3: Incorporating structural requirement into architecture design 
R4: Higher quality 
R5: Regular maintenance 
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A Guideline for Improving Sustainability in Durability 
 
Context 
The controlled factory environment ensures highly durable IBS components are able 
to be produced. For example, a combination of good compaction and curing for 
precast components increases resistance to weathering and corrosion. Furthermore, 
incorporating the architecture characteristic into the structure design, such as enlarge 
the panel size will enable the significant reduction of the chance for water 
penetration that can weaken a structure and cause unsightly staining and fungus 
problems. Therefore, high durability and long service life of IBS help in reducing 
maintenance and operation cost. The adoption of IBS provides an opportunity to 
construct highly durable buildings, which have a long usable life and are cost 
effective.  
 
Actions and Deliverables 
R1: Provide life-cycle cost analysis 
• Evaluate operation and maintenance costs for the long term. 
R2: Competent designers 
• Employ experienced and knowledgeable designers to overcome problems 
such as moisture penetration, poor thermal insulation and joint failures 
• Able to design the building to be disaster resistant, including floods, 
wind, fire, earthquake and blasts 
• Designed to be shelter for occupants during and after emergencies 
• Proper installation and assembly. 
R3: Incorporating structural requirements into architecture design 
• Enlarge panel sizes to reduce the chance for water penetration which will 
weaken a structure and cause unsightly staining and fungus problems. 
R4: Higher quality 
• Higher grade of concrete to provide more years of services and minimum 
tendency to crack and structure failure. 
R5: Regular maintenance 
• Ensure the structure and components are not experiencing any damage or 
problems.  
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SWOT Framework: Maintenance & Operation Cost 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Lower maintenance cost 
S2:  Moisture resistant 
S3:  Able to control risk and increase 
reliability 
S4:  Easy to repair  
S5:  Requires minimum maintenance 
work 
S6:  Energy efficiency 
S7:  High durability reduces 
maintenance and operation cost 
 
O1:  Management systems including 
provision for safety and legal 
requirements  
O2:  Consider theoretical and historical 
data 
 
Negative 
(-) 
Weaknesses Threats 
W1:  Need integration of 
standardisation 
W2:  Requires proper training to 
maintenance worker 
W3: Shortage of specific materials 
and components to incompatible 
or outdated products are often 
experienced 
 
T1:  Need to ensure building 
functioning as expected 
T2:  Emissions or environmental 
disruption should be monitored to 
avoid negative impact on the local 
communities 
T3:  Need to conduct preventive 
maintenance 
T4:  Most clients still regard 
maintenance as a necessary evil 
that costs what it costs 
T5:  Renovation or reconstruction 
involves higher cost 
T6:  Maintenance is seen as a financial 
burden 
 
 Recommendations: actions towards sustainability 
R1: Effective maintenance schedule 
R2: Adopt Total Productive Management  
R3: Communicate effectively on maintenance requirements in the early 
stage  
R4: Available spare parts and repair expertise  
R5: Integration with IT system 
R6: Higher quality of IBS components and proper installation 
R7: Energy efficiency reduces operation costs 
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A Guideline for Improving Sustainability in Maintenance & Operation Cost 
 
Context 
The operation and maintenance stage commences after the completion of the IBS 
buildings and the objective during this period is to achieve optimal building 
performance. Costs involved in this stage should be evaluated during the early stage 
of construction to ensure the optimum cost of the building constructed. The 
maintenance and operation activities will reduce the cost for building repairs and 
minimise building failures. Since the cost of construction is escalating every day, the 
proper maintenance of the existing buildings has become exceedingly important. 
Therefore, the maintenance and operations costs involved in IBS applications should 
be evaluated to improve sustainability in this type of construction.  
 
Actions and Deliverables 
R1: Effective maintenance schedule 
• The schedule helps to reduce rectifying cost, which involves higher cost 
• Potentially defective elements will be replaced immediately to prevent higher 
cost for rectification 
• Avoid deterioration and unnecessary wastage of investment  
• Provide record keeping and warranty certifications (history and future 
maintenance works) 
R2: Adopt Total Productive Management 
• TPM helps to maintain the plant or equipment in good condition without 
interfering with the daily process, and makes processes more reliable and less 
wasteful. 
R3: Communicate effectively on maintenance requirements in the early stage 
• Understanding among the design and construction team about the importance of 
operation and maintenance costs. 
R4: Available spare parts and repair expertise 
• Standardised components means defective components can be replaced 
• Manual and training to reduce shortage of skills in maintaining IBS buildings. 
R5: Integration with IT system 
• Scheduled maintenance and operation works digitally 
• Able to evaluate life-cycle profits for each element. 
R6: Higher quality IBS components and proper installation 
• Good quality can lead to the reduction of the maintenance and operations costs 
• Defects due to site conditions and improper handling can lead to higher 
maintenance and operations costs 
• High durability and long service life are helping to reduce maintenance and 
operation costs. 
R7: Energy efficiency reduces operation costs 
• Insulation in IBS components provides energy efficiency 
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SWOT Framework: Usage Efficiency 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  Able to provide longer span 
and spacious area 
S2:  Energy efficiency with 
insulated panels 
S3:  Improves indoor air quality 
and provides fresh air 
S4:  Higher thermal mass 
S5:  Higher headroom 
S6:  Quicker occupancy 
S7:  Maximises capacity usage by 
longer span and higher 
headroom 
 
O1:  Passive solar design in insulated IBS 
components 
O2:  Variety in building design –larger 
space does not require much loading 
to support 
 
Negative 
(-) 
Weaknesses Threats 
W1: Difficulties in refurbishment 
W2: Not attractive 
W3: Massive amount of resources 
used 
W4: Higher transportation and 
lifting costs 
 
T1:  Any defects will impact on the 
structural stability 
T2:  Improper handling will cause cracks 
and failures of the structural 
elements 
 T3: Proper design for users with 
disabilities  
 
 Recommendations: actions towards sustainability 
R1: Optimum design to accommodate client’s requirements  
R2: Improve energy efficiency  
R3: Improve flexibility and adaptability characteristics  
R4: Increase accessibility  
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A Guideline for Improving Sustainability in Usage Efficiency 
 
Context 
IBS construction can be custom-designed to almost any specification, including 
incorporation into an already existing building structure in order to make the most 
effective use of the available space. IBS applications promote efficiency and allow 
quicker occupancy for assembled components. The assembled components can be 
used immediately after the installation because the required strength is achieved in 
the platform and support structure components. Larger span components can be 
produced for specific requirements, which is difficult to achieve with conventional 
construction such as warehouses, sport complexes and manufacturing plants. The 
ability of IBS to accommodate requirements such as these reduces the usage of 
natural resources and has the potential to improve sustainability. 
 
Actions and Deliverables 
R1: Optimum design to accommodate client’s requirements 
• Space availability 
• Headroom higher compared to conventional construction 
• Larger space which does not have much loading to support (e.g. 
mezzanine floor, penthouse) 
R2: Improve energy efficiency 
• Design with climates to reduce overall energy consumption 
• Use passive structural devices instead of mechanical equipment which 
uses more energy 
• Use insulated panels to reduce the use of energy, improve air quality amd 
provide fresh air inside the buildings 
• The types of materials used should have low VOC emission and not 
contribute to indoor air quality problems (e.g. moisture, airborne 
contaminants) 
R3: Improve flexibility and adaptability characteristics 
• Provide building or component flexibility to accommodate future 
requirements (e.g. functional changes, increased numbers of users) 
R4: Increase accessibility 
• Appropriate to be used by all users 
• Can be accessed by users with disabilities (e.g. wheelchair access, safety 
purposes)  
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SWOT Framework: Waste Disposal 
 Internal External 
Positive 
(+) 
Strengths Opportunities 
S1:  IBS methods produce very 
minimum waste 
S2:   Able to facilitate 
separation of waste streams 
S3:   Easy to separate disposal 
into different types 
S4:  Potential to be reused 
 
O1:  Usage of renewable materials can 
improve recovery rates 
O2:  Less virgin materials are used when 
construction waste is recycled for 
another project 
 
Negative 
(-) 
Weaknesses Threats 
W1:  Efforts to sort different 
types of wastage are 
required 
W2:  Need to design proper 
location for waste 
collection 
W3:  Lack of cooperation from 
sub-contractors 
 
T1:  Waste minimisation decision should be 
agreed during the design stage 
T2:  Proper planning and checklists are 
required 
 
 Recommendations: actions towards sustainability 
R1: Stringent environmental regulations  
R2: Disposal management and requirements  
R3: Recycle and reuse approach 
R4: Team up with other builders to recycle 
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A Guideline for Improving Sustainability in Waste Disposal 
 
Context  
Waste disposal is the least preferable option in managing construction waste 
according to the waste hierarchy. The waste minimisation strategies are formulated 
in the design stage to reduce the amount of construction waste to be generated and 
disposed. IBS applications have the potential to manage the waste disposal 
efficiently by categorising the construction waste according to its characteristics. 
These wastes are able to be reused, recycled and utilised for the production of other 
components such as concrete pedestrian blocks and road kerbs. Efficient waste 
disposal will increase environmental consciousness, protect natural resources and 
help to deliver sustainable development.  
 
Actions and Deliverables 
R1: Stringent environmental regulations 
• Provide legislation and legal requirements to manage waste disposal 
effectively 
• Economic instruments (e.g., impose taxes or penalties on the companies 
that dispose of a large amount of construction waste, ‘pay as you throw’) 
• Provide incentives to companies that manage their waste disposal 
activities efficiently. 
R2: Disposal management and requirements 
• Extended life for components and waste materials 
• Specify and use reclaimed or waste materials in production 
• Separate disposal bins for different type of waste 
• Waste treatment to reduce negative impact to environment (e.g. toxic, 
acid) 
• Careful on-site sorting and storage. 
R3: Recycle and reuse approach 
• Reclamation or utilisation of IBS waste to other projects  
• Dismantling components to be reused for other building or functions 
• Minimise waste for landfill by recycling.  
R4: Team up with other builders to recycle 
• Centralised waste collection centre 
• Share the cost of recycling with other builders 
• Increase awareness among builders 
• Share information on the best practise to manage waste disposal 
• Involve sub-contractors in the waste implementation plan. 
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7.4 SUMMARY 
This chapter discussed the findings from the three methods adopted in this 
research, before presenting the final outcomes of the research. The statistical analysis 
and previous literature provided a strong basis for developing the conceptual model 
by embedding all the four sustainability pillars (economic, social, environment and 
institutional). The next phase incorporated a qualitative approach to reinforce the 
findings and to understand real-world implementation issues in the industry. The 
insight and opinions of the respondents can be gathered to formulate a strategy for 
efficient decision-making. Semi-structured interviews were conducted to explore 
each factor in-depth and to formulate solutions or action plans to consider, 
encapsulate, and improve IBS sustainability. To embed recommendations into a 
practical tool, this research used the SWOT analysis format.  
The derived findings from the mix method approach were used to establish the 
Guidelines for Improving Sustainability in IBS Applications. To show how the 
developed guidelines are able to be practised in real projects, case studies were 
executed. The case studies also helped the researcher to improve the guidelines 
before the final outcomes were produced and presented in this chapter. 
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Chapter 8: Conclusion 
8.1 INTRODUCTION 
This thesis was structured in eight chapters. Chapter 1 identified the problem 
and presented the research objectives. In Chapter 2, an extensive literature review 
determined the potential sustainability factors to be investigated. The objectives of 
the research led to the development of the research design, as discussed in Chapter 3. 
Chapter 4 reported on the data analysis and research findings from the questionnaire 
survey and Chapter 5 presented the data analysis and research findings from the 
semi-structured interviews. Chapter 6 discussed the validation and verification 
process through case studies. Chapter 7 synthesised all the findings and elaborated on 
the potential of sustainability factors to be integrated in different stages of the IBS 
implementation, the consensus among the key stakeholders, and finally the 
guidelines to improve sustainable deliverables for IBS construction. 
In this chapter, the achievement of the stated objectives is discussed by 
reference to the study’s findings. This chapter presents an overview of the 
conclusions and limitations of the research, and makes recommendations on ways to 
improve sustainability in IBS implementation. The contributions of this study to the 
body of knowledge and to the construction industry are also highlighted in this 
chapter.    
8.2 REVIEW OF RESEARCH OBJECTIVES AND DEVELOPMENT 
PROCESSES 
The research gaps as discussed in Chapter 2 provided an opportunity to the 
author to fill in the gaps by establishing three research objectives, as follows: 
• Research Objective 1: Determine the current implementation status related 
to sustainable IBS construction. 
• Research Objective 2: Identify the sustainability elements in IBS which are 
of primary concern to key stakeholders in making decisions in IBS 
construction. 
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• Research Objective 3: Develop decision support guidelines to enable 
designers to enhance sustainable deliverables in IBS construction. 
These objectives provided a clear direction and strong basis on which to 
achieve the research aim. As mentioned in Chapter 1, the aim of the research was to 
formulate sustainable guidelines from the perspective of the designer by critically 
examining the relationship between sustainability and IBS. Subsequently, the 
research design guided the selection of the research methods suitable to be adopted in 
this research. A mix of quantitative and qualitative was employed, using two 
different approaches to achieve the research objectives, namely, a questionnaire 
survey and semi-structured interviews. The relationship between the research 
objectives and the research methods is illustrated in Figure 8.1. 
 
Figure 8-1: Relationship between research objectives and research design 
A broad range of sustainability factors perceived by researchers and 
practitioners was identified through the literature review. In fulfilling the first 
objective, the literature review identified 62 potential sustainable factors for IBS 
implementation. The survey was designed based on these sustainable factors. A 
survey was conducted to examine the criticality of these sustainability factors in IBS 
implementation. Through statistical analysis of the survey data, 18 critical factors, 
Research Objectives Methods Tools 
Determine the current 
implementation status related to 
sustainable IBS construction. 
Identify the sustainability 
elements in IBS which are of 
primary concern to key 
stakeholders in making decisions 
in IBS construction. 
Develop decision support 
guidelines to enable the designer 
to enhance sustainable 
deliverables in IBS construction. 
Literature review 
Questionnaire 
survey 
Semi-structured 
interviews 
Documents 
review 
Quantitative – 
SPSS 19 
Qualitative – 
NVivo version 9 
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their interrelationships and a conceptual model to process these factors were 
produced to achieve the second objective. Consequently, the interviews with 20 
targeted practitioners from the IBS construction in Malaysia helped achieve the third 
objective which provided a strong basis for the establishment of the decision-making 
guidelines. The outcomes from this research provide assistance to designers to make 
the front-end decisions in improving sustainability deliverables for IBS 
implementation in Malaysia by addressing the critical sustainability factors.  
8.3 CONCLUSIONS ON RESEARCH QUESTIONS 
8.3.1 Research Question 1 
Question 1: What are the perspectives of various stakeholders towards achieving 
sustainability in IBS construction? 
The literature study exposed a lack of consensus among the various 
stakeholders in regard to understanding approaches and benefits of sustainability in 
IBS construction. Even though awareness of the importance of sustainability has 
increased among the global community, including among those involved in the 
construction industry, the stakeholders have different understandings and 
perspectives on how IBS implementation has the potential to improve sustainability. 
In addition, most of the IBS projects in Malaysia are still adopting the traditional 
approach that separates the design and construction stages. This approach restricts 
the ability of contractors and manufacturers to be involved in the design stage and 
creates a lack of cooperation between all stakeholders. These restrictions increase the 
construction costs and also extend the projects’ duration. Therefore, the improvement 
of sustainability should be commenced in the early stages by integrating design with 
sustainability factors and considering the unified views of various stakeholders.  
 It is important to note that the adoption of IBS in Malaysia is still low 
compared to other countries even though the benefits of this construction method in 
promoting sustainability are enormous. Possible reasons include limited 
understanding among stakeholders of the potential of IBS. Many stakeholders have 
negative perceptions of IBS. They are often poorly informed about IBS design, 
unable to foresee the benefits of this innovative method, and unaware of its relevance 
to sustainability. Inappropriate decisions will cause problems in IBS implementation 
such as changing orders, delays in production and higher construction costs. It can be 
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said that the key stakeholders in IBS construction can be categorised into two main 
groups, namely, the ‘doers’ and ‘thinkers’. The ‘doers’ (contractors, manufacturers, 
and designers/consultants) are more concerned about the impacts of manufacturing 
processes, installation operations and construction activities on economic and 
environmental sustainability. On the other hand, the ‘thinkers’ are more concerned 
about the impacts of the IBS construction on the social and institutional sustainability 
such as local communities and inclusive environments. Even though their priorities 
with regard to sustainability are based on their experiences, individual personality 
and organisational functions, they share a similarity regarding perception of the 
critical factors that support the four main pillars in sustainable development. 
Therefore, well-defined decision-making tools are required to encapsulate 
sustainability principles during the selection of IBS methods. 
Users play an important role in influencing the performance of the buildings, 
especially in improving sustainability. As they are the occupants who accommodate 
and use the constructed building, users put an expectation that the IBS buildings can 
improve sustainability through easy-to-use controls and an appropriate guidance and 
feedback system. This research can help them to understand the process involved in 
constructing IBS buildings and how sustainability potential can be optimised. 
The literature study also revealed some recent works on the development of 
sustainability assessment tools especially for IBS implementation. These assessment 
tools were discussed in Chapter 2. It is important to note that these tools are able to 
provide some benchmarks in the selection of IBS. However, few are capable of 
recommending how to improve sustainability based on the selected options, which 
has been the crux of the issue in Malaysia’s IBS applications. Moreover, the 
development of most of these existing tools failed to consider all the sustainability 
pillars and most of the tools are not suitable for developing countries based on their 
local and regional characteristics and environment.  
In this study, 62 sustainability factors were identified that have the potential to 
improve sustainability in IBS implementation in Malaysia. The factors were 
summarised in Table 2-5. The wording of these factors was based on a full 
comprehension of the literature, while referring to the original expressions in titles 
and keywords of the research studied. The factors were identified through a review 
of international research involving a significant number of researchers and 
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practitioners, thus representing a wide range and variety of experiences related to 
sustainability considerations. As they reflect the views of different professions, 
organisations and regions, there was a need to identify the most relevant and critical 
for the Malaysian context through surveys of the local industry. It was also important 
to apply statistical measures to consider variances, enhance data reliability and 
improve accuracy. 
The literature review findings were used to develop a questionnaire 
investigating the critical sustainability factors among the key stakeholders. 
Representing an extensive literature study and existing measurement tools, these 
factors provided a holistic overview of sustainability considerations in IBS 
implementation. This was an imperative next step leading to development of the 
guidelines for decision-making in sustainable IBS construction.  
8.3.2 Research Question 2 
Question 2: What are the elements that are emphasised by the key stakeholders to 
assess the level of sustainability in IBS construction? 
A questionnaire survey was selected as the primary tool to explore the 
consensus among stakeholders regarding decision-making in sustainable IBS and to 
identify the critical sustainability factors in IBS implementation. Compared to other 
instruments, questionnaire studies can provide less biased results. It was important to 
not focus on one sustainability factor when there were other factors that could also be 
significant (Ekanayake & Ofori, 2004; Wong & Li, 2006). The survey was designed 
around the 62 sustainability factors identified from the literature review. The 
respondents were asked to rate the level of significance of each of these factors based 
on their judgment and experience. The data used in this study was collected from 
representatives of different organisational groups such as contractors, designers and 
manufacturers. The data was analysed by comparison and synthesis. 
The statistical analysis revealed 18 critical factors that had significant potential 
to improve IBS sustainability. The factors were: legislation, procurement systems, 
standardisation, project control guidelines, production, knowledge and skills, 
material consumption, waste generation, labour availability, defects and damages, 
construction time, labour cost, constructability, working conditions, durability, 
maintenance and operation costs, usage efficiency, and waste disposal.    
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The conceptual framework presented in Figure 7.3 illustrated the clear links 
between these 18 critical factors in improving IBS sustainability. These 18 critical 
factors were grouped into five categories, namely: ecological performance; economic 
value; social equity and culture; technical quality; and implementation and 
enforcement. The two top factors in the rankings were in the category of economic 
value; there were construction time and production. This echoes the notion that “time 
of construction” is the most important criteria in construction method selection 
(Chen, et al., 2010b). Controlled production in IBS manufacturing is able to 
eliminate many problems such as bad weather, lack of resources and construction 
waste. The cost of production can also be reduced. This finding was in line with 
Jailoon and Poon (2010) who found that there was a common view among the key 
stakeholders that IBS has the potential to improve production quality control, which 
leads to a better end product. The other two factors in the economic value category 
were labour costs and maintenance and operation costs. Lifecycle analysis for IBS 
buildings is important to eliminate additional costs, especially when the building 
starts to operate. The labour costs which might also arise in demolition were also 
identified as a significant factor by other researchers such as Poon et al. (2001) and 
Blismas and Wakefield (2009). In addition, the cost allocation for maintenance and 
operation activities will reduce the cost for building repairs and minimise building 
failures. 
In the ecological performance category, three critical factors were identified. 
These factors were material consumption, waste generation and waste disposal. 
These three factors directly relate to the resources used in the IBS implementation. 
As explained in Chapter 7 (Section 7.2.2), IBS has been identified as the most 
appropriate solution for eliminating the construction waste that arises during the 
design, construction and demolition phases. Among the interview respondents in this 
study, waste generation was ranked at the top compared to the other factors, followed 
by waste disposal and material consumption.  
  In the technical quality category, four factors were identified. These were: 
defects and damages, constructability, durability, and usage efficiency. As 
highlighted in the discussion in Chapter 7 (Section 7.2.2), consideration of these 
factors enables designers to ensure that the professional standards can be achieved. 
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The structural stability, simplification and speed of construction are among of the 
benefits that can be gained by concerning on these factors. 
In the social equity and culture category, three critical factors were identified. 
Knowledge and skills was ranked at the top compared to the other two factors which 
were labour availability and working conditions. This suggests awareness among key 
stakeholders regarding the importance of sustainability. They believed that with 
proper training and education, the knowledge and skills among the IBS players can 
be increased. Sustainability action plans can also be executed smoothly.  
It is also important to note that the factors in the implementation and 
enforcement category also received a higher ranking from the respondents. This 
category contributes to the institutional pillars in sustainable development. This 
finding is in line with several researchers on the importance of this dimension being 
considered in assessing sustainability (Jenkins, et al., 2003; Ross, 2010; 
Spangenberg, 2004). The respondents ranked many factors within this dimension as 
“significant” or “very significant”, including legislation, procurement system, 
standardisation and project control guidelines.   
The rankings of the critical factors in this research showed a balanced 
consideration of all aspects of sustainability in IBS implementation. The 
identification of these critical factors paves the way to plan efficient strategies with 
regard to sustainability in IBS applications. 
8.3.3 Research Question 3 
Question 3: How can designers evaluate sustainability issues and select criteria that 
could optimise the value of IBS in the decision-making process? 
The assumption that higher IBS scores mean “more sustainable construction” 
cannot be accepted because the assessment tool only helps the designers and builders 
to calculate the percentage of IBS characteristics used in the construction. The 
assessment tool evaluates the percentages of prefabricated and precast components 
used, repeatability, and building components that have been designed using the 
modular coordination concept. Potential in IBS applications needs to be evaluated 
specifically by identifying the factors that significantly improve sustainable 
deliverables and understanding how those factors can enhance sustainability. The 
designers, as the front-end decision-makers, need to have a simple tool as part of the 
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project briefing process against which sustainability solutions can be considered and 
the IBS potential can be optimised. The author probed into and addressed the critical 
sustainability factors in IBS applications through semi-structured interviews. As a 
result, the decision-making guidelines were developed based on participants’ input 
(as documented in Chapter 7). 
Incorporation of the SWOT analysis in the guidelines development 
encapsulated the positives and negatives in the identified factors with regard to IBS 
sustainability. Action plans, or recommendations, are provided in the guidelines to 
assist designers to evaluate the sustainability issues and make a selection which 
optimises the value of IBS buildings. It is hoped that the use of the guidelines will 
promote more integrated and consistent approaches taken by the designers in making 
selections in IBS construction without neglecting sustainability concerns from all 
stakeholders, and commencing in the early stage. 
8.4 RESEARCH CONTRIBUTIONS 
The holistic consideration of sustainability issues and extensive participation of 
industry practitioners make it possible for this research to contribute both to 
academia and industry practices.  
8.4.1 Contribution to Academic Knowledge 
• Literature studies suggest the general lack of research efforts to assess the 
full sustainability potential in IBS applications. The few relevant research 
projects attempted to deal with one aspect in Triple Bottom Line (TBL) 
alone - such as economic or social dimensions. A holistic approach that 
encompasses all important issues of the TBL and beyond is not yet 
available. In Malaysia to date, IBS applications tend to be linked with 
government projects primarily. As such political scenarios and government 
support are very important aspect. This research probes into the 
environmental, economical and social aspects the IBS potential and 
extends them to include ‘technical quality’ and ‘implementation and 
enforcement’ aspects of the sustainability assessment. Implementation and 
enforcement are the factors that ensure that any planning will be carried 
out accordingly. An effort from the authorities was identified as a starting-
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point to integrate sustainability for IBS applications in Malaysia. The 
technical issues provide physically measurable attributes of IBS 
construction and an opportunity to maximize the IBS benefits in improving 
sustainability. These considerations present a new level of thinking and 
knowledge paradigm in dealing with the IBS method. 
• This research has identified critical sustainability factors based on the 
consensus of key stakeholders in IBS applications in a developing country, 
specifically in the context of Malaysia. The linkages from the findings and 
the literature prove that there are discrepancies between developed and 
developing countries in determining the priorities in sustainability factors. 
For example, Malaysian industry representatives in this research believed 
that ‘standardisation’ is a highly important and relevant issue to 
sustainability; but for developed countries with established and 
sophisticated standardisation systems, this may not be a major problem, 
and it appears to be unreported in previous research. 
• No previous studies in this field have considered the potential threats and 
weaknesses of pursuing sustainability. This research explored perceptions 
among the key stakeholders regarding both contexts and provides easy-to-
understand guidelines for practitioners in developing countries such as 
Malaysia. It contributes to existing knowledge through a presentation of 
unified views from key stakeholders instead of single professions, the 
consideration of negatives instead of all “positives”, and the justification to 
enforce a sustainability focus in developing economies still grappling with 
finding suitable solutions in local contexts.  
8.4.2 Contribution to Practice 
• Cooperation from the Construction Research Institute of Malaysia and 
strong industry participation has helped the author identify a consensus 
among key stakeholders on critical aspects of IBS sustainability. The 
proposed framework points out the critical factors in IBS applications that 
encapsulate all four sustainability pillars. The identification of critical 
sustainability factors helps to increase awareness among industry players 
about the importance of sustainability, the issues of concern and how to 
handle them. 
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• In this study, SWOT analysis provided the necessary framework to 
understand the internal and external conditions of each critical factor. 
Considerations of both the positive and negative aspects of pursuing 
sustainability can help “complete the scenarios” when making the best 
selection. Such a decision-making framework also includes action plans to 
present information on what and how to improve the sustainability of each 
critical factor. Ideally, this would form part of the project briefing 
documents against which sustainability solutions can be considered and 
implemented by the designers. Moreover, the clear responsibility of IBS 
participants in regard to the sustainability deliverables can be documented 
and potentially embedded in contracts. Developers and designers alike will 
have a tool to assess the potential of IBS and to enhance sustainability. 
• This research provides practical solutions as action guidelines for 
designers who are at the forefront of decision-making and have maximum 
influence on sustainability deliverables through IBS adoption and within 
IBS applications themselves. The guidelines can facilitate collaboration, 
consultation and communication among all those involved in the decision-
making process of IBS implementation. 
8.5 LIMITATIONS OF THE RESEARCH  
The research has developed integrated guidelines in decision-making and has 
provided a systematic approach for designers to improve IBS sustainability. The 
integration was based on a consensus among the key stakeholders and practical 
solutions for enhancing sustainability. However, there was some delineation drawn 
in this research in order to keep the study focused specifically on the research 
objectives. This meant the research was limited in two aspects: 
• Due to the data sampling process, this research focused more on the IBS 
issues for the government buildings in the public sector. For the private 
sector, the prioritization and determination on the critical sustainability 
factors may minor differences due to the stakeholder priority and nature of 
works. The action plans recommended in this research should be further 
investigated according to industry sector needs and project scenarios. 
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• There are many stakeholders of construction projects involved in making 
decision for sustainability objectives, including designers, contractors, 
developers and manufacturers alike. Each stakeholder’s requirement for 
decision making can be fine tuned and optimised. This research involved 
participation from all key stakeholders in the IBS process but the delivered 
decision support guides are intended for the designers. These tools will be 
used in the design stage and early construction stage. Further research can 
extend the findings to include appropriate decision mechanism and 
preferences for other stakeholders. 
8.6 RECOMMENDATIONS FOR FUTURE RESEARCH 
This research provides more opportunities for exploring sustainability 
developments that focus on IBS applications. Several recommendations are provided 
for future research: 
• Since the data was obtained in Malaysia, it is suggested that the outcomes 
from this research should also be tested and verified in different 
developing countries in the region such as Indonesia and Thailand to 
ensure its applicability for other developing countries. Some modification 
of the developed guidelines may be necessary to accommodate local 
differences. Accordingly, the outcomes of this research could be more 
confidently taken to represent other countries in Asia. Its findings and 
outcomes should be jointly studied with industry conditions in other 
developing countries for broad applicability. In this context, the focus 
should be on standardisation systems and industry-level development of 
work skills. 
• Consideration should be given to the end-users of IBS or the building 
occupants since these real people will work and live in these buildings. 
The outcomes from this research provide opportunities for users in 
considering the long-term benefits and ensuring the life-cycle costs such as 
“maintenance and operation cost” and “usage efficiency” are at a 
minimum’. This helps the occupants to maximise the building performance 
and eliminates additional or unnecessary costs during the post-construction 
phase. Future research could extend the investigation into how 
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sustainability advantages in IBS buildings are able to improve the health of 
the building occupants and their work or living performance. Factors 
related to psychological wellbeing such as effective day lighting system 
will help in maintaining good health, increasing productivity and 
improving the safety of building occupants. 
• Future research could consider encapsulation of the decision-making 
guidelines into a computerised tool for more systematic analysis and 
processing of the various project-level constraints and scenarios to assist 
the designers. An automatic reporting system could also be developed for 
producing simple reports on the decision-making. A knowledge 
management system could also be developed for sharing information on 
previous projects. 
• Further research should be undertaken to provide decision tools for other 
key stakeholders and in the different phase of construction. This outcome 
from this research was more focussed in providing decision tools for 
designers in the pre-construction stage. The wider adoption in every 
construction stage would provide a more holistic approach in assessing 
sustainability in IBS projects. The linkage between different phases of 
construction projects may improve communication and cooperation in 
sustainable development. 
8.7  CONCLUSION 
There is an increasing level of awareness of the need to incorporate 
sustainability principles into construction practices globally. In developing countries 
such as Malaysia, the pressure to improve construction efficiency is growing 
stronger. Against such a backdrop, the timely issue of decision-making and 
knowledge support for Industrialised Building Systems was investigated in this 
thesis.  
Statistical data analysis examined the criticality of sustainability factors in IBS 
implementation. Accordingly, 18 critical issues were identified from the 
questionnaires and then further explored in semi-structured interviews. The 
developed conceptual model consisted of five categories, each responding to a pillar 
of sustainability, namely: 1) economic value, 2) ecological performance, 3) technical 
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quality, 4) social equity and culture, and 5) implementation and enforcement. The 
outcomes were extracted and incorporated into the development of best practice 
guidelines to assist the decision-making process. 
In this context, SWOT analysis was used to help decision-makers understand 
how to exploit any opportunities by utilising available strengths, avoiding 
weaknesses and diagnosing any possible threats in the examined issues. The 
decision-making framework included action plans to present information on how to 
improve the sustainability of each critical factor. Ideally, this would form part of the 
project briefing documents against which sustainability solutions can be considered 
and implemented by the designers. Moreover, the clear responsibility of IBS 
participants in regard to sustainability deliverables can be documented and 
potentially embedded in contracts.  
An integrated assessment process and effective collaboration between key 
stakeholders, particularly in relation to the key attributes and evaluation of potential 
sustainability factors, are crucial for effective IBS delivery. Accordingly, the 
integrated decision-making guidelines in this research provide a consensus platform 
for the key stakeholders and present unified approaches to making decisions in the 
pursuit of sustainability.  
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COVERING LETTER 
 
 
 
Dear Sir/Madam, 
 
 
 
Questionnaire Survey – PhD Study  
 
I am currently undertaking a PhD study in the School of Urban Development, 
Faculty of Built Environment & Engineering at Queensland University of 
Technology (QUT), Brisbane, Australia. In fulfilment of this PhD study, I am 
required to conduct a survey to get a clear picture from industry. The topic is 
‘Guidelines for Decision Making in Sustainable Industrialised Building System (IBS) 
Construction’ and I am investigating the following aspects of its use: 
1. Examine the IBS component with respect to their design and potential in 
promoting sustainability. 
2. Identify the sustainability elements in IBS which are primary concerns of key 
stakeholders in making decisions on the IBS project.  
3. Proposed guidelines in evaluating appropriate strategies for IBS project based 
on sustainability criteria.  
Please kindly take the time to complete the enclosed questionnaire. There are no 
correct or incorrect responses, only your much-needed opinions. Needless to say, the 
information provided will be treated with strict confidence and individual firms will 
not be identified.  
Thank you very much for your assistance. 
 
Yours faithfully,    
Researcher,         
 
Riduan Yunus            
 
 
 
Faculty of Built Environment and Engineering 
School of Urban Development 
  285 
 
PARTICIPANT INFORMATION FOR QUT 
RESEARCH PROJECT 
 
Guidelines for decision making in sustainable Industrialised Building System (IBS) 
construction 
 
RESEARCH TEAM CONTACTS   
Riduan Bin Yunus – PhD student Jay Yang– Professor 
School of Urban Development School of Urban Development 
+61430020070  +6143138 1028 
r.yunus@student.qut.edu.au j.yang@qut.edu.au 
  
Eric Too – Dr Zuhairi Abd Hamid– Professor 
School of Urban Development Construction Research Institute of Malaysia 
+6143138 9257   +60192710423 
e.too@qut.edu.au zuhairi@cidb.gov.my 
 
DESCRIPTION 
This project is being undertaken as part of PhD project for Riduan Bin Yunus. This project is 
funded by Minister of Higher Education Malaysia (MOHE) and Universiti Tun Hussein Onn 
Malaysia (UTHM). The funding body will not have access to the data obtained during the 
project. 
 
The purpose of this project is to formulate sustainable guidelines from the perspective of the 
designer by critically examining the relationship between sustainability and Industrialised 
Building System (IBS). As a result, the likelihood of sustainable construction is achieved; all 
to meet environmental goals and account for social and economic impacts of the project with 
institutional. This guideline directly assists the designer in providing clients with appropriate 
information before they make a decision. 
 
The research team requests your assistance because this research requires respondents share 
experiences about the potential of Industrialised Building System in promoting 
sustainability.  
 
PARTICIPATION 
Your participation in this project is voluntary. If you do agree to participate, you can withdraw 
from participation during the project without comment or penalty. Your decision to participate 
will in no way impact upon your current or future relationship with QUT (for example your 
grades) or with any external body. 
 
Your participation will involve completing questionnaire, which will take approximately 20-
30 minutes of your time. Questions will include your opinion about the potential of IBS in 
promoting sustainability based on your experienced. 
 
EXPECTED BENEFITS 
It is expected that this project will not directly benefit you. However, it may benefit to the body 
of knowledge pertaining to sustainable development in building construction, mainly the 
identification of the crucial attributes in IBS. The result directly increases the stakeholders’ 
awareness and knowledge which will persuade them about the importance of sustainability 
development in their decision making. 
This research will provide an iterative guiding framework to IBS projects in Malaysia and 
may also be useful for other developing countries such as Thailand, Singapore and 
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Indonesia. The guidelines will promote the sustainable development in general and reduce 
the negative impact to economic, social and environment. 
 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this 
project. 
 
CONFIDENTIALITY 
All comments and responses will be treated confidentially. Participators are welcome to verify 
comments and responses prior to final inclusion. The audio/video recordings will be destroyed at 
the end of the project and will not used for any other purpose. Only lead researcher will have 
access to the audio/video recording. Participators are possible to participate in the project without 
being audio/video recorded. 
 
CONSENT TO PARTICIPATE 
The return of the completed questionnaire is accepted as an indication of your consent to 
participate in this project. 
 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
Please contact one of the research team members named above to have any questions answered 
or if you require further information about the project. 
 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if 
you do have any concerns or complaints about the ethical conduct of the project you may contact 
the QUT Research Ethics Unit on [+61 7] 3138 5123 or email ethicscontact@qut.edu.au. The 
QUT Research Ethics Unit is not connected with the research project and can facilitate a 
resolution to your concern in an impartial manner. 
 
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
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Survey on PhD Research 
 
Guidelines for Decision Making in Sustainable Industrialised Building System 
(IBS) Construction 
 
Background:  
The rising sustainability awareness around the globe has put the construction 
industry under immense pressure to improve project efficiency and deliverables. 
Industrialised Building System (IBS) utilises offsite production therefore has the 
potential to promote sustainability. However, due to the fragmentation of the 
involved stakeholders and poor understanding of IBS potential, this system failed to 
be optimize in promote sustainability. 
Objective:  
This questionnaire aims to identify the various potential of IBS in promoting 
sustainability and at the same time the correlation between each sustainable criteria 
will be investigated. Once these crucial factors are identified, they will be used to 
develop guidelines for decision making in IBS construction. 
Private and Confidential:  
All responses will be kept strictly confidential and will only be used for research 
purposes. 
Survey Time Frame:  
It is anticipated that the questionnaire will take approximately 20-30 minutes to 
complete. 
 
 
Researcher: 
 
Riduan Bin Yunus, PhD Student 
School of Urban Development 
Faculty of Built Environment and Engineering 
Queensland University of Technology 
2 George St GPO Box 2434 
Brisbane   QLD   4001  
Australia 
Mobile:  +61 430 020 070 (Australia),  
 +60 1968 41 924 (Malaysia) 
Email:  r.yunus@student.qut.edu.au 
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A. Respondent’s Demography  
(Please check all that apply) 
 
Positions:  
 Director 
 Engineer 
 Architect 
 Facility Manager 
 Quantity Surveyor 
 User  
 Academician / Researcher 
 Other: …………………… 
 
Organisation: 
 Designer / Consultant 
 Contractor 
 Manufacturer 
 User 
 Client 
 Research or Academic Institution 
 Authority / Government Agency 
 Other: …………………… 
  
Years of experience in construction industry: 
 <5 years 
 5-10 years 
 11-25 years 
 26-35 years 
 >35 years 
 
Projects participation using IBS: 
 <5 years  5-15 years  16-25 years 
 26-35 years  36-45 years 
 >45 years  
 
Main types of IBS involve: 
 Precast concrete framing, panels 
and box system 
 Steel framing system 
 Prefabricated timber system 
 Block work system 
 Steel formwork system 
 
B. IBS have a potential in enhancing sustainability by transferring the construction 
processes from the site to a much better controlled factory condition. With your 
experience, please indicate the significance of these factors in enhancing sustainability 
by circling the appropriate scale. 
 
Factors Enhancing Sustainable Deliverables in IBS  
• Durability 
Constructs highly durable buildings, which have a long usable life and cost-
effective 
1 2 3 4 5 
• Defects and damages 
Improves quality control, reduce failures in achieving specifications and 
limits damage to the products before final completion 
1 2 3 4 5 
• Loading capacity  
Able to support a higher load with a longer span (e.g. beam, column) 
1 2 3 4 5 
• Integration of building services 
Provides simplicity in installation and user friendly (e.g. building automatic 
system, handicap facilities and centralise air conditioning system)    
1 2 3 4 5 
• Construction time 
Reduces construction time by minimising duration for production, 
installation and construction 
1 2 3 4 5 
• Lead-times 1 2 3 4 5 
Least 
Significant 
Most 
Significant 
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Factors Enhancing Sustainable Deliverables in IBS  
Provides extra duration for pre-construction phases (e.g.  planning, 
designing, and material procurement) 
 
• Maintenance and operation costs 
Reduces cost of building repair, maintenance and operation 1 2 3 4 5 
• Disposal costs 
Reduces cost of building dismantling and waste treatment operation 1 2 3 4 5 
• Life cycle costs 
Reduces  cost associated with building life cycle  
1 2 3 4 5 
• Initial construction costs 
Reduces cost that occurs in the early stage of construction (e.g. 
coordination, temporary buildings and transportation cost) 
1 2 3 4 5 
• Material costs 
Reduces cost of  materials  (e.g. material delivery cost and storage) 1 2 3 4 5 
• Labour cost 
Reduces cost of field workers (e.g. labours, supervisors and site 
management personnel) 
1 2 3 4 5 
• Speed of return on investment 
Increases speed of return on loans or other investment 
1 2 3 4 5 
• Transportation and lifting  
Reduces transportation and lifting cost by minimising transportation 
frequency and /or the  required lifting facilities (e.g. roads, mechanical 
equipments and skilled operators) 
1 2 3 4 5 
• Integration of supply chains 
Smooth the flow of building materials and other resources from suppliers 
1 2 3 4 5 
• Constructability 
Provide ease for construction, simplification, dimension coordination and 
design integration for overall requirements 
1 2 3 4 5 
• Production 
Reduces cost of  production because of repetition, mass and improves 
quality of the products 
1 2 3 4 5 
• Usage efficiency 
Promotes efficiency by maximising capacity usage and allow quicker 
occupancy for assembled components 
1 2 3 4 5 
• Adaptability and flexibility 
Allow adaptability and flexibility for changes in accommodating future 
trends or modification, which reduce cost 
1 2 3 4 5 
• Standardisation 
Able to provide standard size for each element for mass production and 
reproduction 
1 2 3 4 5 
Least 
Significant 
Most 
Significant 
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Factors Enhancing Sustainable Deliverables in IBS  
• Design stage adoption 
Able to provide early freeze design in ensuring limited cost for variation 
order and early involvement of project team members 
1 2 3 4 5 
• Technology 
Sufficient equipment and skilled personnel are available for implementing 
sustainable IBS technology 
1 2 3 4 5 
• Workers’ health and safety 
Reduces risk of injuries, damages, death and chronic health risks for field 
workers in dangerous situations during construction or production of IBS 
components 
1 2 3 4 5 
• Knowledge and skills 
Increases knowledge and exposure to sustainable technologies with 
available crafts, technical skills or experiences for IBS implementation 
1 2 3 4 5 
• Principles and values 
Applies good values in respecting other people principles, provides privacy 
and freedom of association and collective bargaining  
1 2 3 4 5 
• Influence on job market 
Provides a stable job market which balances supply and demand  
1 2 3 4 5 
• Local Economy 
Increases economic opportunities to local contractors, encourages usage of 
local resources and offers employment opportunities to local communities 
1 2 3 4 5 
• Participation and control 
Encourages the involvement of all stakeholders in achieving sustainability, 
provides social spaces and prevents absenteeism in employees 
1 2 3 4 5 
• Labour availability 
Reduces worker demand for on-site construction (e.g. labours, supervisors 
and other supervisory and site management personnel) 
1 2 3 4 5 
• Community disturbance 
Reduces the adverse impact of construction activities to the occupants and 
the local community  (e.g. construction noise, dust, light pollution and other 
pollutions) 
1 2 3 4 5 
• Traffic congestion 
Reduces the adverse impact of traffics to the road users, especially on a 
congested roadway situation (e.g. transportation of workers, materials, 
equipment and other items are minimise) 
1 2 3 4 5 
• Site attributes 
Reduces area usage and staging space on site, does not affect the right-of-
way and property boundaries and encourages infrastructure development 
1 2 3 4 5 
• Working conditions 
Improves the market image of the construction industry and working 
conditions (e.g. neat working condition, less risk and easier installation) 
1 2 3 4 5 
• Aesthetic options 
Improves artistic impact, appearance and offers more choices of decorative 
finishes (e.g.  pattern, texture, and colour variations beside improving 
aesthetic values) 
1 2 3 4 5 
Least 
Significant 
Most 
Significant 
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Factors Enhancing Sustainable Deliverables in IBS  
• Physical space 
Provides larger space for engineering systems and potential occupants (e.g. 
physical spans, openings, and heights) 
1 2 3 4 5 
• Site disruption 
Reduces disturbance and footprint of construction work on site area 
1 2 3 4 5 
• Pollution generation 
Reduces environmental emissions during construction phase (e.g. dust, CO2, 
CO and other air pollution)  
1 2 3 4 5 
• Environment administration 
Maximises environmental performance throughout the life cycle, design for 
a long service life, greater variety of speciality materials and reduce an 
impact to the local environment  
1 2 3 4 5 
• Ecology preservation 
Able to preserved biodiversity, cultural and heritage with reduction of ozone 
depletion, natural resources usage, environmental impact and consumption 
of pollutants 
1 2 3 4 5 
• Water consumption 
Reduces the amount of water usage throughout its life cycle 
 
1 2 3 4 5 
• Energy consumption in design and construction 
Reduces the amount of energy use during the design and construction 
phases (e.g. electricity, petrol, diesel, and other fuels use) 
1 2 3 4 5 
• Embodied energy 
Reduces the amount of energy use during production for components and 
material used (e.g.  aggregates, cements and sand) 
1 2 3 4 5 
• Operational energy 
Reduces the amount of energy consumption during usage phase (e.g.  
natural gas of electricity for heating and cooling) 
1 2 3 4 5 
• Recyclable / renewable contents 
Promotes recyclable or renewable construction contents (e.g.  use of fly ash, 
silica fume, blast-furnace slag and reinforcing steel bar in building 
construction) 
1 2 3 4 5 
• Reusable / recyclable elements 
Promotes usage of reusable or recyclable elements (e.g. use its again or be 
broken down into raw materials, then used to make new items at the end of 
their useful life) 
1 2 3 4 5 
• Land Use 
Prevents extensive land usages, land contamination and reduces damages to 
landscape 
1 2 3 4 5 
• Material consumption 
Reduces the amount of material used (e.g. natural resources use during 
design and construction phases) 
1 2 3 4 5 
• Health of occupants (indoor air quality) 
Reduces chronic health risks on future occupant during usage phase (e.g. 
high moisture levels in the framing materials, Volatile Organic Compound 
1 2 3 4 5 
Least 
Significant 
Most 
Significant 
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Factors Enhancing Sustainable Deliverables in IBS  
(VOC), and other indoor air pollutants) 
• Inclusive environment 
Provides more facilities and spaces with better information sharing about the 
building constructed (e.g. schematic drawings and specifications) 
1 2 3 4 5 
• Waste generation 
Reduces the amount of unwanted or undesired materials left over during 
construction and production 
1 2 3 4 5 
• Waste disposal 
Efficiently manage construction by recycle or reuse elements for other 
purposes (e.g. used for sub-base of road or cast into road kerbs) 
1 2 3 4 5 
• Governance 
Reduces economic and social problems (e.g. higher population of unskilled 
foreign workers and high remittances for a foreign exchange) 
1 2 3 4 5 
• Legislation 
Able to comply with environmental requirements, contract documents and 
project specifications  
1 2 3 4 5 
• Policy and strategy match 
Able to accomplish sustainable policy and strategy provided by government 
to improve efficiency of construction industry 
1 2 3 4 5 
• Public awareness 
Able to increases public awareness to executing sustainable construction 
1 2 3 4 5 
• Disaster preparedness 
Able to sustain when exposed to disaster (e.g. earthquake, flood and 
thunderstorm) 
 
1 2 3 4 5 
• Public participation 
Increases a public participation to promote sustainability in IBS construction 
1 2 3 4 5 
• Building capacity 
Strengthen or maintain structures and formal linkages, champion roles and 
leadership actions, policies and procedures, and build or maintain expertise 
to sustain the innovation 
1 2 3 4 5 
• Design standard and project function 
Able to accommodate design standard with project function 
1 2 3 4 5 
• Project control guidelines 
Potential in providing a project control guidelines and monitor the 
development of IBS construction 
1 2 3 4 5 
• Integrated environmental and economic program 
Potential to integrate an environmental and economic program in 
construction  
1 2 3 4 5 
• Procurement system 
Simplification in documentation, provide a clear information and explicit 
responsibility among stakeholders 
1 2 3 4 5 
 
 
 
Least 
Significant 
Most 
Significant 
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C. The following statements are related to an impact of the significant factors listed in the 
previous section to improve sustainable deliverables for IBS construction. With your 
experience, please indicate the level of agreement with the statements by circling the 
appropriate scale. 
 
Sustainable Deliverables in IBS  
• Transforms matter and energy using processes that are compatible 
and synergistic with nature and that are modelled on natural system 1 2 3 4 5 
• Focuses on the human-nature interface and uses nature rather than 
machine 1 2 3 4 5 
• Engage a wide range of stakeholders in the charrette process (intense 
period of design activity) from the onset of the effort 1 2 3 4 5 
 
 
 
D. Please state any other relevant points which have not been mentioned anywhere in this 
questionnaire. 
Further comments: 
 
 
 
 
 
 
 
 
 
 
 
 
  
Strongly 
Disagree 
Strongly 
Agree 
  295 
E. (Optional Section) 
In future, I may wish to conduct interviews to capture deeper understanding on IBS potential 
to improving sustainable approaches in the construction projects. I would like to invite you 
to participate in an interview. The proposed interview would be structured in advance to 
minimise the discussion time and to maintain a standard format for the information required. 
Your time to assist this research by sharing information about your experience would be 
much appreciated. 
 
If you may be willing to participate in an interview, please provide your contact details 
below. I will then provide you with additional information about what this participation 
would involve so that you can make an informed decision about whether or not to 
participate. 
 
 
 
 
Name:  
Designation: 
 
Address: 
 
 
 
Phone 
 
Fax 
 
Email 
 
 
A FREE POST envelope is provided for you to return the questionnaire. 
 
Would you like to receive a copy of the major findings from this study?  
(Without any charge or fees required) 
 Yes     
 No 
 
 
Please provide your email address: 
________________________________ 
 
**Thank you very much for your cooperation ** 
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PARTICIPANT INFORMATION FOR QUT 
RESEARCH PROJECT 
 
Guidelines for decision making in sustainable Industrialised Building System (IBS) 
construction 
 
RESEARCH TEAM CONTACTS   
Riduan Bin Yunus – PhD student Jay Yang– Professor 
School of Urban Development School of Urban Development 
+61430020070  +6143138 1028 
r.yunus@student.qut.edu.au j.yang@qut.edu.au 
  
Eric Too – Dr Zuhairi Abd Hamid– Professor 
School of Urban Development Construction Research Institute of Malaysia 
+6143138 9257   +60192710423 
e.too@qut.edu.au zuhairi@cidb.gov.my 
 
DESCRIPTION 
This project is being undertaken as part of PhD project for Riduan Bin Yunus. This project is 
funded by Minister of Higher Education Malaysia (MOHE) and Universiti Tun Hussein Onn 
Malaysia (UTHM). The funding body will not have access to the data obtained during the 
project. 
 
The purpose of this project is to formulate sustainable guidelines from the perspective of the 
designer by critically examining the relationship between sustainability and Industrialised 
Building System (IBS). As a result, the likelihood of sustainable construction is achieved; all 
to meet environmental goals and account for social and economic impacts of the project with 
institutional. This guideline directly assists the designer in providing clients with appropriate 
information before they make a decision. 
 
The research team requests your assistance because this research requires respondents share 
experiences about the potential of Industrialised Building System in promoting 
sustainability.  
 
PARTICIPATION 
Your participation in this project is voluntary. If you do agree to participate, you can withdraw 
any time from participation during the project without comment or penalty. Your decision to 
participate will in no way impact upon your current or future relationship with QUT (for example 
your grades) or with any external body. 
 
Your participation will involve an audio or video recorded interview at your office or other 
agreed location, that will take approximately 30-40 minutes of your time. Questions will 
include your opinion about the potential of IBS in promoting sustainability based on your 
experienced. 
 
EXPECTED BENEFITS 
It is expected that this project will not directly benefit you. However, it may benefit to the body 
of knowledge pertaining to sustainable development in building construction, mainly the 
identification of the crucial attributes in IBS. The result directly increases the stakeholders’ 
awareness and knowledge which will persuade them about the importance of sustainability 
development in their decision making. 
This research will provide an iterative guiding framework to IBS projects in Malaysia and 
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may also be useful for other developing countries such as Thailand, Singapore and 
Indonesia. The guidelines will promote the sustainable development in general and reduce 
the negative impact to economic, social and environment. 
 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this 
project. 
 
CONFIDENTIALITY 
All comments and responses will be treated confidentially. Participators are welcome to verify 
comments and responses prior to final inclusion. The audio/video recordings will be destroyed at 
the end of the project and will not used for any other purpose. Only lead researcher will have 
access to the audio/video recording. Participators are possible to participate in the project without 
being audio/video recorded. 
 
CONSENT TO PARTICIPATE 
We would like to ask you to sign a written consent form (enclosed) to confirm your agreement to 
participate. 
 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
Please contact one of the research team members named above to have any questions answered 
or if you require further information about the project. 
 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if 
you do have any concerns or complaints about the ethical conduct of the project you may contact 
the QUT Research Ethics Unit on [+61 7] 3138 5123 or email ethicscontact@qut.edu.au. The 
QUT Research Ethics Unit is not connected with the research project and can facilitate a 
resolution to your concern in an impartial manner. 
 
 
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
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CONSENT FORM FOR QUT RESEARCH 
PROJECT 
 
Guidelines for decision making in sustainable Industrialised Building System (IBS) 
construction 
 
RESEARCH TEAM CONTACTS   
Riduan Bin Yunus – PhD student Jay Yang– Professor 
School of Urban Development School of Urban Development 
+61430020070  +6143138 1028 
r.yunus@student.qut.edu.au j.yang@qut.edu.au 
  
Eric Too – Dr Zuhairi Abd Hamid– Professor 
School of Urban Development Construction Research Institute of Malaysia 
+6143138 9257   +60192710423 
e.too@qut.edu.au zuhairi@cidb.gov.my 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
(Please tick (√) all that apply) 
 
 have read and understood the information document regarding this project 
 have had any questions answered to your satisfaction 
 understand that if you have any additional questions you can contact the research team 
 understand that you are free to withdraw at any time, without comment or penalty 
 understand that you can contact the Research Ethics Unit on +61 7 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project 
 understand that the project will include [audio and/or video] recording 
 agree to participate in the project with recording 
                                                         or 
 agree to participate in the project without recording 
 
Name  
Signature  
Date  /  /   
 
Please return this sheet to the investigator. 
 
 
 
